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Correlation between cycle threshold and viral load through comparison
of RT-PCR qualitative versus quantitative assay for SARS-CoV-2
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Summary

Background and aims. Real-time reverse transcription poly-
merase chain reaction (RT-PCR) is the gold-standard assay to
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detect SARS-CoV-2, but it has limitations compared to viral load
analysis. Quantitative detection improves surveillance, diagnosis,
and prevention. We performed a comparative study of qualitative
and quantitative tests for the diagnosis of COVID-19 on respirato-
ry samples from patients screened for SARS-CoV-2 infection, and
explored the correlation between viral load compared to the
threshold cycle (Ct) value obtained in RT-PCR.

Materials and methods. Sixty respiratory samples from
patients affected by SARS-CoV-2 were subjected to both the qual-
itative (Allplex ™ 2019-nCoV Seegene) and the quantitative
(Clonit® Quanty COVID-19) assays, and the relationship between
viral load and Ct value was assessed by Spearman correlation
analysis (p). In addition, the viral load of samples collected from
a patient with symptomatic cancer was monitored.

Results. The results show 100% agreement between the results
obtained with quantitative assay and the reference standards,
whereas 99.2% agreement was found for the qualitative test. A
strong negative Spearman’s correlation between the Ct values of
the NV genes and RdRP gene was observed from qualitative assay
values and viral loads.

Conclusions. Quantitative assay has a higher sensitivity than
qualitative assay, and viral load testing allows the clinicians to
better orient themself in the choice of therapeutic treatment to be
adopted. The constantly higher viral load of clinical cases consid-
ered, irrespective of the different therapies used, confirms that
viral load monitoring could represent a great advantage in clinical
practice.

Background

The current sanitary emergency represented by COVID-19 led
us to evaluate the diagnostic sensitivity of the new assays intro-
duced for the detection of SARS CoV-2 in respiratory samples.

In this case, we compared the results of two molecular biology
tests: qualitative and quantitative RT-PCR Assays.

For this purpose, 60 positive respiratory samples from patients
affected by SARS-CoV-2 were subjected to both a serological test
and molecular investigation at the municipality of
Arianolrpinousing a total of 650 subjects positive only for sero-
logical screening of antibodies. Of these 60 samples, 44 were
reconfirmed positive and 16 negatives by the qualitative
(Allplex™ 2019-nCoV Seegene) assay at the molecular virology
laboratory of the Cotugno Hospital. Since none of the positive
cases analyzed showed any relevant clinical symptoms, it was
decided to also carry out an evaluation of the viral load by testing
the samples using the quantitative Clonit® Quanty Covid-19 kit.
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The comparison between the data obtained through the two
assays made it possible to test their respective sensitivity.

The comparison between the two methods of testing also made
it possible to evaluate the correlation between Threshold Cycle
(Ct) value and viral load and therefore also the clinical relevance
of the qualitative method compared to quantitative.

In this respect, this study demonstrates a negative Spearman’s
correlation between the viral loads quantified by the RT-PCR
quantitative assay and the Ct values obtained with qualitative
assay. This correlation is particularly high for the N gene of the
qualitative test (N gene, p=- 0.93; RdRP gene, p=- 0.90).

Furthermore, to evaluate the applicability of the method in the
clinical monitoring of immunocompromised patients, we also per-
formed a small prospective study to monitor, using the quantitative
test, the viral load of samples collected from a symptomatic cancer
patient admitted to Cotugno Hospital, in order to monitor the
change in viral load following the different therapies used, thereby
confirming a severe impairment of the immune system.

This made it clear that viral load monitoring, accompanied by
larger comparative studies, could represent a great advantage in
clinical practice.

Introduction

To date, the Coronavirus Disease 2019 (COVID-19) epidemic
has become a health emergency of global concern, and Severe
Acute Respiratory Syndrome Coronavirus 2 SARS-CoV-2 is the
pathogen identified [1,2]. More than 82 million people are infect-
ed, with more than 1.8 million deaths in 235 countries, areas, or
territories. In Italy, up to December 2020 1,825775 positive cases
and 64,036 deaths were recorded, making Italy the seventh country
in the world and the fourth in Europe for total number of cases and
overall, the fifth country in the world and the first in Europe by
number of deaths [3].

At present, Reverse Transcription-Polymerase Chain Reaction
(RT- PCR) is the gold standard for the Qualitative diagnosis of
COVID-19 [4], but it has limitations with respect to viral load
analysis. This does not allow for an evaluation of prognosis, dis-
ease progression and most importantly the efficacy of therapy.

The sensitivity of RT-PCR has been questioned in the case of
both negative results found in some patients (who were strongly
suspected of having the disease) and positive results in some con-
firmed cases after recovery [5,6].

This technique involves use of a threshold Cycle (Cf) value
that cannot be directly interpreted as viral load without a standard

curve using reference materials and can be correlated to the initial
target concentration through fluorescence intensity in the sample;
this is then used to determine only whether a sample is positive or
negative [7].

For this reason, quantitative detection is important because
through viral load it is possible to improve surveillance, diagnosis
and prevention by providing an ad-hoc therapy for the patient
COVID-19 [8].

To this end, we both performed a comparative study of quali-
tative and quantitative RT-PCR assay for the diagnosis of COVID-
19 on respiratory samples from patients screened for SARS-CoV-
2 infection, and explored the changes in the viral load of asympto-
matic patients through the Ct value obtained by qualitative assay.

We also evaluated the applicability of the quantitative assay in
the clinical monitoring of immunocompromised patients, through
a clinical case of a symptomatic cancer patient.

Materials and Methods

This study was done on respiratory samples of patients with
confirmed COVID19 admitted to Cotugno Hospital emergency
ward during a period in May 2020.The entire evaluation work took
place in the period between July and October 2020.

All samples tested positive for SARS-CoV-2 RNA by the qual-
itative assay were eligible for the study. Among these positive sam-
ples, we then selected some with different cycle threshold values
(Ct), therefore representative of different levels of positivity.

All the samples were processed for qualitative (Allplex™ 2019-
nCoV Seegene) assay with a Seegene Nimbus system (Arrow
Diagnostics), which performs PCR setup and RNA extraction.
Subsequently the Real Time PCR amplification reaction was set up
through the CFX96 Touch system. Finally, the results were automat-
ically interpreted and analyzed by the Seegene Viewer 2019- nCoV
software. Table 1 shows that a positive result predicts the presence
of all three viral target genes (RARP, E and N genes). The detection
of at least one of the two specific viral targets indicates the presence
of SARS-CoV-2 RNA in the patient sample with certainty, while the
E gene alone indicates the presumed presence of the viral genetic
material in the patient sample. The table also indicates the fluo-
rophores used corresponding to the different target gene.

The same patient samples, used for the qualitative assay, were
then subjected to quantitative investigation using the quantitative
(Clonit® Quanty Covid-19) assay. For this assay, the Sample’s
RNA extract obtained through MagNa Pure Compact (Roche
Diagnostics) system extraction step was used.

Table 1. Interpretation of results through the kit Allplex™ 2019-nCoV assay.

1 +/- + + + 2019-nCoVDetection
2 +/- + - + 2019-nCoVDetection
3 +/- + + -

4 +/- - + +

5 +- - - +

6 +/- - + -

7 +/- + - - Presumptive positive
8 + - - - Not detected

9 - - - Not valid

IC: Internal Control; E: Envelope; RDRP: RNA dependent RNA polimerasi; N: nucleocapsid; HEX: Hexachloro-fluorescein; FAM: Carboxyfluorescein; CAL RED 610: Cal5™-DMT-T (C6-CAL Fluor Red 610).
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The presence of SARS-CoV-2 RNA in a patient can be con-
firmed if N1, N2 and N3 genes are detected. If these genes are not
detected the result is inconclusive. With regards to RNA quantitative
detection of SARS-COV-2, we have a standard curve obtained fol-
lowing amplification (10'to 10° copies/ul of synthetic viral N1-
encoding RNA). So, we calculate the viral load interpolating the Ct
values with the standard curve. Viral load (copies/ml) is the result of:
n * (1000 / Ve) * (Ev / Ea). Where n is the number of viral copies,
Ve is the volume of the extracted sample (400 pl), Ev is the volume
of the eluate (50 pl) and Ea is the volume of the extract (5 ul). Table
2 shows the evaluation criteria for Quanty COVID19 assay.

We performed a Spearman’s correlation on all samples where
the SARS-CoV-2 N1 gene concentration was between 10! and 107
copies/mL, in order to assess the correlation between Quanty
COVID-19 viral load levels and Allplex ™ 2019-nCoV test values.

Results

Following the outbreak in the municipality of Arianolrpino in
May, an extensive serological screening was carried out which

press
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revealed that out of 650 positive subjects for antibody research, 60
were positive for Sars-CoV-2 with nose-pharyngeal swab.

From Arianolrpino the positive samples were sent to Naples
for a counter-analysis at the virology and microbiology laboratory
of the Cotugno Hospital where, out of a total of 60 samples, 44
were confirmed positive.

Since all the positive cases analyzed did not show any relevant
clinical symptoms, it was decided to also carry out an evaluation
of the viral load by testing the samples using the Clonit kit.

Table 3 shows the results of either positive (44) and negative
(16) with the Allplex 2019-nCoV assay for a total of 60 samples.
Then, we compared these results with those of the Quanty
COVID19 assay. As shown in Table 3, the Allplex 2019-nCoV
positive samplesCt values of E, RdRP, and N genes are between
23.8 and 35.5 (24 samples), RARP and N genes (15 samples) are
between 34.1 and 39.1, while N gene (5 samples) are between 37.5
and 38.1.

We evaluated viral load values through the Quanty COVID19
of positive samples and we show the results on the Table 4. In sam-
ples with viral load levels from >2.0 to <3.0 or >1.0 to <2.0 log10
copies per ml, our results shown detections of N gene (54.5% and
41.0%, respectively), RARP gene (18.0% and 16.0%, respectively),

Table 2. Results evaluation criteria for Quanty COVID19 assay. A sample is positive for SARS- COV-2 if fluorescence is detected in all
three targets (N1, N2 and N3). If one or more targets are negative, however, the data is inconclusive.

+ + + <35 Sars-CoV-2 Positive
- - - <35 Sars-CoV-2Negative
- - - >35 Invalid result

1-2 positive targets <35 Inconclusive result

N: Nucleocapsid; RP: Ribonucleasi P (internal endogenous control); VIC: 2 -chloro-7 phenyl-1,4-dichloro-6-carboxy-fluorescein; Cy5: Cyanine 5.

Table 3. Results for 60 respiratory samples tested by SARS-CoV-2 detection assays.

Positive results 44 (17.9-39.4) 44 (18.7-39.8)
Targets Genes

N, E, RdRP 24 (23.8-35.5)

N and RdRP 15 (34.1-39.1)

N 5 (37.5-38.1)

N1, N2, N3 44 (18.7-39.8)
Negative results 16 (0.0-0.0) 0(0)

N: nucleocapsid; E: Envelope; RDRP: RNA dependent RNA polimerase.

Table 4. Results obtained from the Allplex 2019-nCoV method based on the viral load ranges obtained by quantitative assay for positive

respiratory samples.

<10 0(0) 0(0) 0(0)
>10-<20 18 (41) 4(17) 16 (88.9)
>2.0 - <3.0 24 (545) 17 (70.6) 1(56)
>30-<40 1 (2.25) 3(12) 0 (0.0)
>40 - <50 0(0) 1(04) 1(56)
>50 - <60 1 (2.25) 0(0) 0 (0.0)
Total m 2 18

*The Allplex 2019-nCoV targets the E (envelope), RARP (RNA-dependent RNA polymerase), and N (nucleocapsid) genes of SARS-CoV-2.
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and E gene (5.5% and 88.8%, respectively). The relationship
between viral load and Ct value was evaluated through a
Spearman’s correlation (p) analysis. A strong negative association
between the Ct Values of Ngenes (p=—0.93; P<0.001) and RdRP
(p=—0.90; P<0.001) was observed from Allplex 2019-nCoV
assay’s values and viral loads compared to E gene (Figures 1-4).

Discussion

The laboratory-based diagnosis for COVID-19 is changing
rapidly [9]. Tt is therefore necessary to determine the accuracy of
every new assays for SARS-CoV-2. Since December 2019 the
challenge has been to use tests that can ensure reliable and rapid
detection of the virus also because early diagnosis of SARS-CoV-
2 is important in the prevention and control during this pandemic.
It is useful, therefore, to have a molecular target which is known to
be more valid than others, in order to redesign these assays (for
example, in order to move from a single target to multiple, specific
targets), and to make more informed choices relating to which tests
to use in clinical laboratories.
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The RT-PCR, among all available tests, is considered the gold
standard thanks to its advantages as a specific and simple quality
test. However, the RT-PCR method has an important limitation: it
does not provide precise indications on viral load, necessary to
evaluate the progression of the disease and prognosis. Testing the
viral load through a quantitative dosage of the pathogen’s genome
allows the clinician to better orient themself in the choice of ther-
apeutic treatment to be adopted, providing them with the possibil-
ity to follow the evolution of anti-viral therapy and the follow-up
of the patient.

This is fundamental data at the diagnostic level as the outcome
of SARS-CoV-2 infection is decided between 10-15 days of infec-
tion and is directly dependent on viral load. For example, a positive
patient just above the cut-off will have a completely different clin-
ical course from a patient with a million viral copies per microliter,
just as a positive result of RT-PCR doesn’t necessarily mean that
the patient is infectious or that he has a significant disease, in fact,
the amount of vital virus may be too low for transmission. The pro-
gression of SARS-CoV-2 disease is characterized by a non-linear
dynamic of virulence; therefore, a high viral load does not always
reflect a serious clinical condition.

However, knowledge of the viral load can at least give an indi-
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Figure 1. The figure shows the viral load levels from Quanty
COVID19 assay and the Ct values of Allplex 2019-nCoV assay for
SARS-CoV-2 N gene.

Figure 3. The figure shows the viral load levels from Quanty
COVID19 assay and the Ct values of Allplex 2019-nCoV assay for
SARS-CoV-2 E gene.
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Figure 2. The figure shows the viral load levels from Quanty
COVID19 assay and the Ct values of Allplex 2019-nCoV assay for
SARS-CoV-2 RDRP gene.
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Figure 4. Results of the quantitative test carried out on the sam-
ples of the clinical case monitored.
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cation of the transmissibility of the pathogen [10]. The diagnosis
of SARS-CoV-2 implements in parallel with the need to have rig-
orous systems that guarantee rapid and accurate detection of the
virus, and Ct value cannot be directly interpreted as viral load
without a standard curve using reference material [11].

The objective of our work was both to test the sensibility of the
qualitative method compared to the quantitative one and also to
evaluate, through this comparison, the relative usefulness of the
two methods to clinicians through the correlation between
Threshold Cycle (Ct) value and viral load.

Today, the interpretative criteria on qualitative assay [12] consid-
er that a sample is positive to SARS-CoV-2 if one of the 3 specific
target genes is positive. In all 44 samples positive, the presence of the
N gene was found. Namely, the quantitative assay uses the N gene as
the only molecular target, supporting the US CDC to consider gene
N as the only target gene for the diagnosis of SARS-CoV-2 [13].

We used qualitative assay to evaluate the SARS-CoV-2 RNA
in 60 respiratory samples considered for this research, later used
the quantitative assay to quantify SARS-CoV-2 RNA in the 44 pos-
itive samples of the 60 total respiratory samples taken into consid-
eration, and the same extract was used for the qualitative and quan-
titative analysis.

The results show 100% agreement between the results
obtained with quantitative assay and the reference standards, while
for the qualitative assay we found a 99.2% agreement. Specifically,
we observed that some false negative samples for the qualitative
test, when subsequently subjected to quantification, were positive
on quantitative assays with N2 gene from 37.2 to 38, and N3 gene
from 37.8 to 39 [14]. However, it has been shown that there is a
slight difference in the correlation between the various assays, and
in particular that the quantitative test proved to be more sensitive.

To evaluate the relationship between Ct value e viral load
Spearman’s correlation was used, which revealed both that, in line
with studies, the virulence of a sample is inversely proportional to
the Ct value of the RT-PCR performed with the qualitative test [15-
18], and also that a negative Spearman’s correlation is particularly
high for the N gene of the qualitative test.

All samples from the Arianolrpino outbreak showed consider-
able viral load, and this confirms the possibility of transmission of
the disease by asymptomatic or minimally symptomatic patients.

It was also essential to evaluate the applicability of the quanti-
tative assay in the clinical monitoring of immunocompromised
patients, by monitoring the infection of the clinical case. The
results obtained demonstrate the presence of a viral load, which is
certainly variable but consistently higher than the initial values,
which testifies to a severely compromised immune system.
Unfortunately, the patient died, despite the therapy that lasted the
entire course of the pathology.

Conclusions

In conclusion, to monitor infection of SARS-CoV-2, the quan-
titative assay can be extremely useful. However, it may be useful
to investigate further to define whether these types of assays might
be used in the future. Of course, as the testing for COVID-19
increases, these assays can contribute to boosting the laboratory
tests of SARS-CoV-2 infection.

Considering the observations of the results obtained, to date, at
the request of clinicians, the quantitative test has been introduced
in the routine laboratory tests to monitor the course of the disease.

[Microbiologia Medica 2021; 36:9999]
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