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Methods: In 347 COVID-19 inpatients, SARS-CoV-2 Ct values (via reverse transcription-quantitative poly-
merase chain reaction) on admission were compared between 2 assays and correlated with the antibody
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SARS-CoV-2 Results: Ct values for 2 of 3 target genes showed significant differences between the 2 assays used

ngr?c‘;f (P=0.012 and P<0.0001). Ct values were significantly higher for antibody positive patients (P<0.0001)
-q

and positively correlated with the amount of time since onset of symptoms (R: 0.332-0.363; P<0.001).
Patients with fatal outcomes showed higher viral loads than survivors (P<0.0001).
Conclusions: Ct values depend strongly on assay used and target gene examined and should not be used
as quantitative values to guide therapeutic or diagnostic decisions. The inverse association between anti-
body status and viral load suggests that antibodies contribute to the elimination of the virus, independent
of the outcome, which is influenced by the viral load on admission and might depend more strongly on
other parts of the immune response.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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bodies served as prognostic markers in our cohort but that they
correlated with the amount of time since onset of symptoms. Re-
cently, there has been much debate on the diagnostic value of the
naive (i.e., without reference to a standard curve) cycle threshold
(Ct) results of the reverse transcription-quantitative PCR (RT-qPCR)
that is the gold standard in the laboratory diagnosis of acute cases
of COVID-19. In short, the Ct describes the number of PCR cycles
that have been performed when the fluorescent signal of the am-
plification products of the PCR crosses a defined threshold. While
the Ct value certainly correlates with the viral load of the exam-
ined sample, it is not to be regarded as a quantitative unit. In
order for PCR results to be quantified, a standard curve has to
be calculated for every PCR using controls that contain a known
quantity of the nucleic acid that is to be detected (Han et al.,
2020; Markewitz et al., 2021). As research into SARS-CoV-2 inten-
sifies the naive Ct values of qualitative RT-qPCR are increasingly
reported and the results interpreted as if they were quantitative
results (Bullard et al., 2020; Marot et al., 2021; Seeni et al., 2021;
Shen et al., 2020; Zou et al., 2020). In some cases, researchers have
generated their own standard curves in order to gain quantita-
tive results (Wyllie et al., 2020), while some commercial distrib-
utors have made quantified biologic reference materials available.
Nonetheless, one has to add that swabs of any kind remain a sub-
optimal material for quantitative PCR, as the contained viral load
is to a large degree dependent on pre-analytic processes, mainly
the quality of sample collection. Therefore, the reporting of naive
Ct values as a quantitative value without reference to a standard
curve is to be viewed with the utmost caution. Treating Ct val-
ues as a semi-quantitative correlate of the viral load of a sample,
reporting general trends or relative differences between Ct values
obtained using the same assays may, however, serve as an approx-
imation to quantitative PCR results for SARS-CoV-2.
The aims of our current study were:

1) To examine the relationship between antibody status and Ct
values for SARS-CoV-2 measured via RT-qPCR

2) To assess the prognostic value of Ct values for COVID-19 pa-
tients

3) To examine the inter-assay comparability of SARS-CoV-2 Ct val-
ues

Methods
Study location and population

Participants of the current study were recruited from PCR-
confirmed COVID-19 inpatients treated at the University Hospital of
Donostia/San Sebastidn (Basque country, Spain) during March and
April of 2020. The study was approved by the Ethics Committee
for Clinical Research of Euskadi (CEIC-E) (PI2020064). All partici-
pants gave written informed consent. For minors under the age of
18 years and patients who were too ill to consent, this consent was
obtained from legally authorized representatives as mandated by
the local ethics committee. The study was conducted in accordance
with the Declaration of Helsinki (World Medical Association, 2013).

Collection of swabs and RT-qPCR

Oropharyngeal swabs were collected and tested immediately af-
ter collection via RT-qPCR between March 26 and April 11, 2020.
For each patient, 1 swab was collected on admission (at a median
of 6.5 days since onset of symptoms (interquartile range (IQR):
+6 days)). All samples were tested for 3 different target genes:
the E gene (which is common to all members of the subgenus
Sarbecovirus, to which SARS-CoV-2 belongs), the N gene and the
RdRp gene (the latter 2 being specific for SARS-CoV-2). To that
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end, 2 different assays were used: the Allplex 2019-nCoV Assay (by
Seegene Inc., Seoul, South Korea), containing all 3 genes (hence-
forth referred to as Assay 1); and the Viasure SARS-CoV-2 assay
(Certest Biotec, Zaragoza, Spain; containing the N gene) in combi-
nation with LightMix Modular SARS-CoV-2 primers from TibMol-
Biol (Berlin, Germany) that contained the E gene and RdRP gene
(this combination being henceforth referred to as Assay 2). This
mixture of different assays was necessary during the first wave of
the COVID-19 crisis due to shortages of reagents from any single
manufacturer. The interpretation of each assay was performed ac-
cording to the manufacturer’s instructions: for all Allplex assays, a
Ct <40 was considered positive for all target genes. For the Viasure
assay, this cut-off was <38 and for the TibMolBiol assays it was 36
(£2 cycles). If at least 2 target genes yielded Ct values in a very
high range of 35-40, the sample was reported as “indeterminate”
and retesting with a new sample was recommended.

Collection of sera and antibody testing

The sample collection and test protocols employed in examin-
ing the anti-SARS-CoV-2 antibody status has been described pre-
viously, as has the collection of the clinical data of the patients
(Markewitz et al., 2021). In brief, 1 serum sample per patient was
collected after confirmation of COVID-19 via RT-qPCR, at a me-
dian of 10 days since onset of symptoms (IQR: +7 days; therefore,
at a median of 3.5 days after the collection of the oropharyngeal
swabs). The serologic tests (antibodies of the classes immunoglob-
ulin (Ig)A and IgG against the S1-subunit of the Spike-protein of
SARS-CoV-2) were performed at the Institute of Clinical Chem-
istry, at the University Hospital Schleswig-Holstein (Kiel/Liibeck,
Germany) using the Anti-SARS-CoV-2 IgA and IgG ELISA kits from
EUROIMMUN (Liibeck, Germany) according to the manufacturer’s
instructions. At the time, no quantitative assay was commercially
available and the results of the test were reported as a (dimen-
sionless) ratio of the optical density (OD) of the sample at 450 nm
compared to the OD of a calibrator. The OD, or extinction, of the
examined samples is determined by the concentration of anti-S1
antibodies, therefore the OD ratio is a semi-quantitative correlate
of a patient’s antibody levels, allowing comparisons with other sera
measured with the same technique. Consequently, the OD ratios
were used for all analyses of the patients’ antibody levels. Ratios
of >0.8 to <1.1 were considered borderline, ratios of >1.1 positive.

Statistical analysis

As a measure for average values, the median (& IQR) is reported
throughout the Results section. For associations between contin-
uous variables, correlation coefficients were calculated according
to Pearson and Spearman. For the statistical significance of dif-
ferences between groups, analyses of variance (ANOVA) were per-
formed, unless otherwise specified. Differences were treated as sta-
tistically significant for P-values <0.05. Levels of significance were
indicated in all relevant figures as follows: ns: P>0.05; *: P<0.05;
**: P<0.01; ***: P<0.001; ****: P<0.0001. All data files were pro-
cessed in the free software for statistical computing and graphics R
(version 4.0.3) with the integrated development environment RStu-
dio (version 1.3.1093) (R Core Team, 2020).

Results
Study population

As previously reported (Markewitz et al., 2021), the cohort com-
prised 347 patients (144 (41.5%) female; 203 (58.5%) male) with a

median age of 66 years (418; range: 10-95 years). Of these 347
patients, 54 (15.6%) were treated in the ICU and 38 (11%) died.
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Comparison of the assays

The median Ct values of the examined samples (cumulatively
for both assays used) were 28.5 (E gene; range: 16.1-39.9; £6.9),
32.3 (N gene; range: 19.3-43.1; +6.3) and 31.2 (RdRp gene; range:
17.9-43.6; +6.5). Comparing the 2 different methods used for the
detection of SARS-CoV-2 RNA, statistically higher Ct values were
measured for the detection of the N gene (33.246 vs 31.7+7;
P=0.012) and the RdRp gene (32.4+6.5 vs 30.5+7.3; p<0.0001) us-
ing Assay 2 compared with Assay 1, whereas a similar trend could
be observed for the E gene (29.24+6.9 vs. 28.5+7.2; p=0.092) (see
Figure 1).

Ct values and antibody detection

Analyzing the data of both methods cumulatively, Ct val-
ues of antibody-positive (IgG and/or IgA) patients were signifi-
cantly higher (E gene: 29.446.8 vs 26.4+7.8; N gene: 32.9+£5.8 vs
29.5+6.7; RdRp gene: 32.04+5.9 vs 28.2+7.2; each P<0.0001) for all
3 genes than those of antibody negative patients (for a visualiza-
tion of the association between antibody positivity and Ct value,
see Figure 2). In addition, Ct values were significantly lower (E
gene: 24.746.6 vs 29.3+7; N gene: 29.54+5.5 vs 32.846.1; RdRp
gene: 28.745.7 vs 31.846.6; each P<0.0001) for all 3 genes in sam-
ples from patients who died later on than in samples from surviv-
ing patients (see Figure 2). Patients who were treated in the inten-
sive care unit (ICU) had significantly lower Ct values only for the
E gene (25.5+6 vs 29.14+6.8; P<0.001) compared with non-ICU pa-
tients. When both assays were analyzed separately, the association
between higher Ct values and antibody positivity remained signifi-
cant for both methods and all 3 genes, except for gene E measured
with Assay 2 (see Figure 3). In order to test whether the increased
case fatality rate (CFR) in older patients was due to their antibodies
possibly having a lower impact on the viral load, we also analyzed
the association between Ct values and antibody positivity for pa-
tients over 60 years only. We found statistically significantly higher
Ct values (for both PCR assays and all 3 genes, except for the E
gene measured with Assay 2) for antibody (IgA and/or IgG) positive
patients compared with antibody negative patients (see Figure 4).

Ct values and interval between onset of symptoms and sample
collection

Statistically highly significant (P<0.001) correlations of only low
to medium effect size could be shown between the Ct value of all
3 genes measured with Assay 1 and the amount of days since on-
set of symptoms (Spearman correlation coefficients: E gene 0.343;
N gene 0.363; RdRp gene: 0.344) whereas for Assay 2 the same
effect could be seen only for the E gene (Spearman correlation co-
efficient: 0.332; see Figure 5).

Finally, the time between symptom onset and acquisition of
the oropharyngeal swab was statistically significantly (Wilcoxon
signed-rank test, P<0.005) shorter for patients who died in the
course of their disease (median: 3.54+5 days) than for those who
survived (median: 7.0+£6 days; see Figure 6). The Wilcoxon signed-
rank test was used for this comparison, as the data range of both
group is cut off at y=0 and can thus not be assumed to be nor-
mally distributed.

Association between age and outcome

As previously reported (Markewitz et al., 2021) there was a sta-
tistically significant association between old age and an adverse
outcome, the mean age of deceased patients (75.2 years; +£10.9)
being significantly higher than the mean age of surviving patients
(63 years; +138; p<0.001). While the CFR was 3.2% for patients
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Ct values as function of detection of anti-SARS-CoV-2 antibodies in patients of age 60 and older
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Fig. 5. Visualization of the correlation between cycle threshold (Ct) values (for each assay and examined target gene separately) and amount of days since onset of symptoms

after which the oropharyngeal swab was collected. Assay 1: panels A, C, and E; Assay 2:

in the age bracket from 40-49 years, it is 32.6% for patients above
80 years. Overall, 89.5% of all patients who died were 60 years of
age or older.

When interpreting these results, it is important to keep in mind
that the conclusions drawn may only be applied to inpatients, as
all patients included in this study had been admitted to the hospi-
tal at some point in their disease (COVID-19).
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panels B, D, and F

Discussion

Our results show that Ct values from different assays, even if
measured in the same laboratory, are not readily comparable, as
there can be significant and systematic differences in the levels of
Ct values measured, both between different assays and between
different target genes of the same assay. Therefore, it is our opin-
ion that Ct values should not be treated as quantitative values that
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Fig. 6. Visualization of the association between fatal outcome and the amount of
time since onset of symptoms at which the oropharyngeal swab was collected

can be compared, independent of the assay used or target gene
examined, or used to guide therapeutic decisions (Carroll and Mc-
Namara, 2021; Han et al,, 2020; Markewitz et al., 2021). Findings
from studies that draw conclusions from the Ct value concerning
infectivity are therefore to be interpreted with utmost caution. In
our opinion, the comparison of relative differences in Ct values of
distinct target genes measured with the same assay (as we have
done) is nevertheless valid.

Further, our results show that higher Ct values as a correlate of
lower viral loads on admission are associated with the detection of
antibodies in the patient’s serum. An obvious explanation for this
finding would be that the antibodies contributed to the higher Ct
values which imply a reduced viral load. This is further supported
by our finding that the viral load (via Ct values) measured in the
swabs was negatively correlated with the amount of days since on-
set of symptoms, while we could show the opposite to be true for
anti-SARS-CoV-2 IgG in the previous study (Markewitz et al., 2021).
Both findings on their own are not surprising as they corroborate
findings of earlier studies. It has been shown that the sensitivity of
tests for antibodies against SARS-CoV-2 depends on the time since
symptom onset and is especially low in the first week (Deeks et al.,
2020; Long et al., 2020). Similarly, the decline of the viral load in
oro-/nasopharyngeal swabs over time has been described before
(Kim et al., 2021; Se et al., 2020; Singanayagam et al., 2020). Our
data suggests that there is a connection between the 2, the most
obvious explanation being, as mentioned, that the antibodies we
measured contribute to the reduction of the patient’s viral load.

Lastly, our results show that patients who have a higher vi-
ral load on admission (as measured by a lower Ct value in the
PCR) are at a greater risk of dying later in the course of the dis-
ease. Interestingly, this effect does not appear to be mediated by
the antibody response, as neither the general presence of antibod-
ies against SARS-CoV-2, nor their measured levels could be used
as a predictor of disease severity as measured by the duration
of hospitalization, treatment in the ICU or death in our cohort
(Markewitz et al., 2021). This higher viral load on admission that
is associated with a fatal outcome is probably, to at least some de-
gree, mediated by the finding that patients with a fatal outcome
are admitted earlier in the disease in our cohort. The latter find-
ing might be explained by patients with a fatal outcome devel-
oping symptoms that justify hospitalization earlier than surviving
patients. This, in turn, is most likely caused by a failure to control
the disease during the first 5-7 days in the course of the infection
through mechanisms other than the antibody response (which can-
not be expected to be present as early (R. Markewitz et al., 2021)).
Which mechanisms these are can only be speculated from our
data. Possible candidates might be the innate immune response,
which plays an important part in the host’s early response to an
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infection with SARS-CoV-2 (Bernardes et al., 2020; Birra et al.,
2020), or the T-cell response to SARS-CoV-2. The theory of the out-
come of COVID-19 being shaped early (i.e., within the first 5 days
since onset of symptoms) in the course of the disease is further
corroborated by the finding that the early administration of con-
valescent plasma prevents severe cases of COVID-19 (Libster et al.,
2021). In a synopsis where the CFR increases with age (a corre-
lation that has been found by others as well (Gudbjartsson et al.,
2020; Verity et al., 2020)), a possible explanation for the described
association between viral load (or the timing of admission) and
death might be the senescence of the immune system that is part
of the general aging of the immune system that can be observed
in elderly patients (Ak et al., 2015; Bernardes et al., 2020; Nikolich-
Zugich, 2018).

In conclusion, our findings imply that anti-SARS-CoV-2 antibod-
ies against the Spike-protein contribute to the reduction of the vi-
ral load (as measured by higher Ct values), while also showing that
a fatal outcome is associated with a failure to reduce the viral load
early (within the first 5-7 days) in the disease through parts of the
immune response other than antibodies.

Limitations of this study are: only inpatients were included. For
further research it might be interesting to include outpatients as
well in order to gain a clearer picture of the relationship between
viral load and clinical course of COVID-19. Another limitation is
that our sample size did not permit us to compare the Ct values on
admission between survivors and deceased patients adjusted for
the time since onset of symptoms at which time the sample was
taken. In a larger cohort, it might be possible to examine whether
the Ct values on admission of patients with a fatal outcome are
higher than those of survivors, independently of the amount of
time since onset of symptoms. In addition, we did not perform
neutralization assays, therefore, we were not able to make obser-
vations on the neutralizing properties of the antibodies we mea-
sured. Lastly, since they have become available in the meantime,
quantitative anti-SARS-CoV-2 IgG assays should be used for further
studies, instead of reporting the semiquantitative OD ratios, as we
have done.
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