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Abstract
Purpose Assess the impact of viral load estimated by cycle threshold (Ct) of reverse transcription real time-polymerase chain 
reaction (rRT-PCR) and the days from symptoms onset on mortality in hospitalized patients with COVID19.
Methods Retrospective observational study of 782 patients with a positive rRT-PCR from a nasopharyngeal swab was 
performed within the first 24 h from admission. Demographic data, clinical manifestations and laboratory parameters were 
collected. Uni- and multivariate analyses were performed to identify factors associated with mortality at 60 days.
Results Ct was divided into three groups and the mortality rate decreased from 27.3 to 20.7% and 9.8% for Ct values of ≤ 20, 
21–25 and > 25, respectively (P = 0.0001). The multivariate analysis identified as predictors of mortality, a Ct value < 20 (OR 
3.13, CI 95% 1.38–7.10), between 21–25 (OR 2.47, CI 95% 1.32–4.64) with respect to a Ct value > 25. Days from symptoms 
onset is a variable associated with mortality as well (DSOA) ≤ 6 (OR 1.86, CI 95% 1.00–3.46), among other factors. Patients 
requiring hospital admission within 6 DSOA with a Ct value ≤ 25 had the highest mortality rate (28%).
Conclusions The inclusion of Ct values and DSOA in the characterization of study populations could be a useful tool to 
evaluate the efficacy of antivirals.
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Introduction

At this point, more than 200 million cases of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) have 
been detected around the world with more than 4 million 
related deaths. A recent analysis of 44.415 confirmed 
cases in China described that 81% were asymptomatic or 
have a mild disease, 14% have a severe disease and 5% 
a critical disease with an overall mortality of 2.3% [1]. 
Among patients that require hospitalization, both the 
rate of intensive care unit (ICU) admission and mortal-
ity are around 20% [2–4]. Risk factors for ICU admis-
sion and mortality have been associated with host factors 
(age, comorbidity), clinical manifestations (dyspnea, 
respiratory rate, need for oxygen therapy), and labora-
tory parameters (creatinine, C-reactive protein, lympho-
cytes cell count, ferritin, LDH serum concentrations or 
d-dimer parameters) at the moment of admission [5, 6]. 
Less attention has been paid to the potential influence 
of viral load on the progression and outcome of Corona-
virus Disease-19 (COVID-19). A higher viral load, cal-
culated from real-time reverse-transcriptase polymerase 
chain reaction (rRT-PCR) adjusted by standard curves, 
has been associated with mortality (mean  log10 viral 
load of 5.2 copies per mL in survivals versus 6.4 copies 
per mL in non-survivals) [7], however, this technique is 
time-consuming and not available everywhere.

The rRT-PCR cycle threshold (Ct) value represents 
the number of amplification cycles at which the fluo-
rescent signal crosses a threshold level for positivity. 
The Ct is a semi-quantitative value inversely related to 
the initial amount of genetic material in the sample and 
therefore, can be used as an indirect estimate of the viral 
load. Several studies have shown a significant correla-
tion between lower Ct values, meaning higher viral load, 
and COVID-19 severity and disease progression [8], 
however, fewer articles have analysed the correlation of 
the Ct value at admission with mortality showing con-
tradictory results [9–13]. In addition, differences in the 
Ct cut-off values were reported in these articles being 
necessary to enlarge the knowledge to clarify the poten-
tial role of Ct value from nasopharyngeal swabs and how 
to interpret this value. Moreover, the viral load is higher 
within the first week of symptoms but the interpretation 
of the Ct values according to the days from symptoms 
onset needs to be defined.

The aim of the present study is to evaluate the impact of 
viral load measured by the Ct value obtained at hospital admis-
sion and the days from symptoms onset on the mortality rate 
of hospitalized COVID-19 patients.

Methods

Study population and setting

Retrospective observational study based on patients with a 
definitive diagnosis of SARS-CoV-2 infection by a positive 
rRT-PCR from a nasopharyngeal swab performed within 
the first 24 h from hospital admission at Hospital Clínic 
of Barcelona from March 1 to July 30, 2020. Patients were 
admitted due to respiratory symptoms and radiological 
evidence of pneumonia (uni or bilateral interstitial infil-
trates) or with respiratory symptoms without pneumonia 
but with high-risk comorbidities. NP swabs were trans-
ferred to the laboratory using viral transport media.

Viral load assessment

76% of samples RNA were extracted with the MagNa Pure 
Compact (Roche, Penzberg, Germany) and rRT-PCR was 
performed using LightMix ModularDx Kit SARS-CoV 
(COVID19) E-gene (Tib Molbiol, Roche Diagnostics) with 
Roche  LightCycler® 480 II according to manufacturer’s instruc-
tions. The other 24% were performed using,  Cobas®6800 
(Roche Diagnostic, Germany) which detected E and ORF1b 
genes. A positive result was defined when Ct value of gen E 
was ≤ 38. This information was not released to the clinicians 
therefore, it did not influence on clinical decisions.

Data collection

Data were retrospectively collected for all patients 
included in the study from the electronic health records 
(EHR). An intelligent system was used to retrieve the 
high-quality data from EHRs (SILDv1.0 system,  S34M@) 
as previously described [14]. Variables used to adjust 
the potential influence of Ct value on the mortality were: 
age, sex, days from symptom onset to hospital admission 
(DSOA), co-morbidities (hypertension, chronic heart 
disease, diabetes mellitus, chronic liver disease, chronic 
kidney disease, chronic obstructive pulmonary disease, 
haematological neoplasia and solid neoplasia), air ambi-
ent oxygen saturation  (SaO2) at admission, creatinine, lym-
phocyte count, C-reactive protein (C-RP), ferritin, lactate 
dehydrogenase (LDH) and d-dimer values within the first 
24 h from hospital admission. The primary endpoint was 
mortality at 60 days. Variables were categorized according 
to the median except the Ct value.

The Institutional Ethics Committee of the Hospital 
Clínic of Barcelona approved the study and due to the 
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nature of the retrospective chart review, waived the need 
for informed consent from individual patients (Comité 
Ètic d’Investigació Clínica; HCB/2020/0273). All data 
are available prior request to the corresponding author.

Statistical analysis

Categorical variables were described using the absolute 
number and percentage and continuous variables using the 
median and interquartile range (IQR). Categorical variables 
were compared using a Chi-squared test or Fisher exact test. 
The cumulative probability of survival at 60 days after hos-
pital admission by the 3 strata of Ct values is shown using a 
Kaplan–Meier plot and the differences were evaluated using 
a log-rank test. For multivariable analysis, variables with 
a P value ≤ 0.2 in the univariable analysis were subjected 
to further selection by using a forward logistic regression 
method. Interactions between variables were explored. The 
calibration of the model was assessed by means of the Hos-
mer–Lemeshow goodness-of-fit test and the area under the 
receiver operating characteristic (ROC) curve was used to 
the measured predictive ability of the model. Statistical sig-
nificance was defined as a two-tailed P value < 0.05. The 
analysis was performed in SPSS version 26 (SPSS Inc., 
Chicago, IL).

Results

A total of 782 patients admitted to Hospital Clínic with 
COVID-19 and an rRT-PCR positive test at the moment of 
admission were included in the study. The median (IQR) age 
was 66 (53–77) years old and 41.3% were females. The most 
common comorbidities were hypertension (44.2%), chronic 
heart disease (25.9%), diabetes mellitus (20.3%), chronic 
obstructive pulmonary disease (19.5%) and chronic kidney 
disease (13%). ICU admission was necessary in 17.4% of 
cases and the mortality rate at 60 days of the entire cohort 
was 14.5%.

The main characteristics of patients according to the out-
come (mortality at 60 days) are depicted in Table 1. Age, 
comorbidity (hypertension, chronic heart diseases, diabetes 
mellitus, and haematological and solid neoplasia), oxygen 
saturation, serum creatinine, lymphocyte count, inflamma-
tory parameters (C-reactive protein, ferritin) and d-dimer 
were significantly associated with mortality. The Fisher 
exact test was applied to the follow variables: liver cirrho-
sis, solid organ transplant, human immunodeficiency virus 
and non-invasive mechanical ventilation. Chi-square test was 
used for the rest of the variables.

Since the increase in 3.3 points in the Ct value usually 
represents a tenfold reduction of viral RNA in efficient 
rRT-PCR assays we have represented the mortality rate for 

groups of 3 consecutive Ct values (Fig. 1). We have con-
sidered a difference of at least a 5% in the mortality rates 
to determine the cut-off to divide the whole samples into 
three groups. The mortality rate progressively decreased 
from 27.3% when the Ct values were ≤ 20 to 20.7% and 
9.8% for values of 21–25 and > 25, respectively (P = 0.0001). 
The cumulative probability of non-survival at 60 days by 
the Ct strata is shown in Fig. 2 and the comparison of the 
curves using the Log-Rank test was statistically signifi-
cant (P = 0.0001). The multivariate analysis identified age, 
older than 66 years, chronic heart disease, the number of 
DSOA ≤ 6, C-RP > 7 mg/dL, d-dimer > 700 ng/mL and Ct 
value < 20 and between 21 and 25 with respect to Ct val-
ues > 25 as predictors of mortality (Table 2). The goodness-
of-fit of the model was assessed with the Hosmer–Leme-
show test (P = 0.59), and the area under the ROC curve was 
0.88 (95%CI, 0.86–0.91) showing a good ability to predict 
mortality at 60 days.

The number of DSOA is a non-previously evaluated vari-
able. The multivariate analysis from our cohort highlights 
its importance. The mortality rate among those patients that 
required hospital admission, according to our hospital crite-
ria (see “Methods”), within the first 6 days from symptoms 
onset was 19% while it was 9.1% for those that had ≥ 7 days 
of symptoms when the hospitalization was considered 
necessary. In Fig. 3, we show the mortality rate by DSOA 
(≤ 6 days vs. ≥ 7 days) among the 3 groups of Ct values. 
Patients with a severe infection requiring hospital admis-
sion within the first 6 days from symptoms onset with a Ct 
value ≤ 25 had a significantly higher mortality than those 
with a Ct value > 25. For patients with ≥ 7 DSOA, the dif-
ferences were not statistically significant, but the mortality 
rate was higher in patients with low Ct, particularly among 
those with Ct values ≤ 20.

Discussion

This study endorses that the Ct value obtained from a NP 
at admission is an independent predictor of mortality and 
that the cut-off point is ≤ 20 for a threefold increased risk 
and 21–25 for a twofold increased risk with respect to a 
Ct > 25 (Fig. 2). This cut-off agrees with prior data show-
ing that the probability of successfully cultivating SARS-
CoV-2 on Vero cells culture lines was significantly lower 
from Ct values > 24[15]. Ct is inversely related to viral 
load; therefore, our data support the direct effect of high 
and sustained viral load on the outcome of COVID-19, 
probably as a crucial trigger for a dysregulated immune 
response that finally leads to a higher mortality. Two pre-
vious studies identified a positive correlation between the 
Ct values and mortality [9, 10], but the median Ct values 
in both studies varied significantly, from 27.9 in the one 
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Table 1  Characteristics of 
patients according to mortality 
at day 60

DSOA days from symptoms onset to admission, SaO2 oxygen saturation at ambient air
a Measured in 676
b Measured in 745
c Measured in 780
d Measured in 777
e Measured in 576
f Measured in 708

variable Alive (n = 668) Death (n = 114) p -value

Age > 66 years (%) 277 (41.5) 101 (88.6) 0.0001
Female sex (%) 278 (41.6) 45 (39.5) 0.668
Co-morbidity (%)
 Hypertension
 Chronic heart disease
 Diabetes mellitus
 Chronic liver disease
 Chronic kidney disease
 Chronic obstructive pulmonary disease
 Hematological neoplasia
 Solid neoplasia
 Solid organ transplant

268 (40.1)
142 (21.3)
122 (18.3)
27 (4)
69 (10.3)
128 (19.2)
37 (5.5)
91 (13.6)
16 (2.4)
14 (2.1)

78 (68.4)
61 (53.5)
37 (32.5)
7 (6.1)
33 (28.9)
25 (21.9)
14 (12.3)
27 (23.7)
4 (3.5)
4 (3.5)

0.0001
0.0001
0.001
0.319
0.0001
0.491
0.007
0.006
0.516
0.317

DSOA ≤  6a (%) 298 (51.6) 70 (71.4) 0.0001
SaO2 ≤ 94%b (%) 266 (42) 65 (58.6) 0.001
Creatinine > 1 mg/dLc (%) 71 (10.7) 42 (36.8) 0.0001
Lymphocyte count ≤ 800 ×  109/L (%) 317 (47.5) 78 (68.4) 0.0001
C-reactive protein > 7 mg/dLd (%) 269 (40.6) 83 (72.8) 0.0001
Ferritin > 517 ng/mLe (%) 235 (47.7) 53 (63.9) 0.006
LDH > 293 U/Lf (%) 283 (46.8) 69 (67) 0.0001
d-dimer > 700 ng/mLf (%) 251 (41.4) 78 (76.5) 0.0001
Cycle threshold (%)
 ≤ 20
 21–25
 > 25

72 (10.8)
146 (21.9)
450 (67.4)

27 (23.7)
38 (33.3)
49 (43)

0.0001

Intensive care unit admission (%) 103 (15.4) 33 (28.9) 0.0001

Fig. 1  The mortality rate 
at 60 days by the Ct value 
from ≤ 19 to ≥ 38
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from the United States to 36.9 in the one from China. This 
difference might be related to a different performance of 
the rRT-PCR assays used, but we consider that the most 
likely explanation is the different populations evaluated. 
The high Ct value and the low mortality rate in the Chi-
nese study (5.2%) suggest that patients were admitted after 
a long period from symptoms onset. Unfortunately, we 
could not confirm this hypothesis since the information 
about days from symptoms onset was not provided. In con-
trast, the mortality rate and the median Ct values from our 
study (14.5% and 28) were similar to the ones from the US 
(19.2% and 27.9), which probably suggests a high simi-
larity between both cohorts. Magleby et al. [9] evaluated 

different cut-offs, < 25, 25–30 and > 30. Mortality clearly 
increased from a Ct value of 25–14 as it happened in our 
cohort (Fig. 1). This cut-off is in line with results from 
Bullard et al. [15] showing a clear correlation between 
lower Ct values and a higher probability of isolating infec-
tious SARS-CoV-2 in cell culture.

As it was previously described [15], Ct values are lower 
(meaning high viral load) around the onset of symptoms, 
but there is no prior data showing whether the Ct value is 
equally effective in predicting mortality according to DSOA. 
By doing this analysis, we observed that the number of 
DSOA is an important variable associated with mortality. 
The multivariate analysis identified that patients admitted 
within the first 6 days from symptoms onset had almost 
twofold higher mortality (Table 2). In addition, the highest 
mortality rate in our cohort was observed among patients 
with a short duration from symptoms onset to severity and 
a Ct value ≤ 25 (28%). Taken together, these results uphold 
patients unable to early control viral replication due to dif-
ferent factors including age, co-morbidity or genetics, are 
at a higher risk of triggering an early dysregulated inflam-
matory response that enhances the possibility of hospital 
admission and death. This evidence indicates that the three 
well-differentiated phases established by Siddiqui et al. are 
indeed overlapped. Therefore, early hospitalized patients 
with pneumonia and laboratory markers of inflammation 
(e.g., high C-RP) require combination therapy with antivi-
rals and anti-inflammatory therapies.

Fig. 2  Cumulative probability 
of survival at day 60 accord-
ing to the cycle threshold at 
admission

Table 2  Variables independently associated with mortality at day 60

DSOA days from symptoms onset to admission

variable OR (95% CI) P value

Age > 66 years 9.56 (3.87–23.62) 0.0001
Chronic heart disease 2.55 (1.41–4.64) 0.002
DSOA ≤ 6 1.86 (1.00–3.46) 0.047
d-dimer > 700 ng/mL 2.41 (1.29–4.53) 0.006
C-reactive protein > 7 mg/dL 2.37 (1.25–4.49) 0.008
Cycle threshold
 > 25
 21–25
 ≤ 20

1
2.47 (1.32–4.64)
3.13 (1.38–7.10)

0.006
0.005
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On the other hand, although the mortality was lower 
among those patients with ≥ 7 DSOA, we observed a non-
significant trend towards a higher mortality among patients 
with low Ct values, most especially at values ≤ 20 (Fig. 3). 
This is in line with the studies showing that in patients 
with mild infection viable virus could not be cultured after 
day 8 [16] but it could be longer (15–20 days) in severe 
patients [17]. Prebensen et al. [13] did not find a correla-
tion between Ct value from upper respiratory sample and 
ICU admission and mortality, however, the mean number 
of days from symptoms onset to admission was 9, the total 
number of patients evaluated was low (n = 123), and they 
did not explore the impact of very low Ct values. Recent 
articles performed in patients mainly during the second 
week of the illness show a potent prediction of mortality 
among those with RNAmia [13, 18–20], therefore, we can 
conclude that Ct from upper respiratory samples is helpful 
for predicting the outcome mainly among patients within 
the first week of COVID-19 while RNAmia could be the 
best predictor during the second week. In addition, ours 
results could impact the evaluation of antiviral therapy. As 
an example, the double-blinded, placebo-controlled trial 
of remdesivir vs. placebo clearly showed that the major 
benefit occurred when it was administered within the first 
10 days from symptoms onset [21] although some ben-
efits remained beyond 10 days. In the future, it will be 
necessary to evaluate the efficacy of antivirals not only 

according to the clinical picture and DSOA but also to 
the viral load using the Ct value from upper respiratory 
samples and RNAmia.

The major limitation of our study is that the platform 
used for PCR performance was not homogeneous. This was 
due to the difficulties of material supply during pandemics 
and the consequent need to diversify the methods. Although 
76% of samples were done using the same system, we can-
not rule out potential variations due to the 24% samples 
performed with other platform, however, our results match 
well with other authors’ experience [9] and most important, 
there is data showing an excellent correlation in the Ct value 
(r2 = 0.96) between the 2 kits used in our study [22]. On the 
other hand, we used E gene since it has the highest sensitiv-
ity [23], although not specific for SARS-CoV-2, there is no 
cross reactivity with the commonly circulating human coro-
naviruses, and SARS-CoV is not circulating. Thus, detection 
of the E gene indicates the presence of SARS-CoV-2. The 
second limitation is that we analyzed mortality at 60 days 
based on our electronic health records, therefore, missing 
deaths are possible if some patients were transferred to other 
centers.

From our point of view, another limitation of our study 
is that we only included hospitalized patients. However, a 
recent clinical trial made in COVID19 outpatients showed 
sustained low Ct values from day 3 to 7 of symptoms onset 
among the population that required hospitalization [24], 
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p = 0.001

p = 0.001

p = 0.09

p = 0.22

M
or

ta
lit

y 
at

 6
0 

da
ys

 (%
)

DSOA ≤ 6 (N=368) DSOA ≥ 7 (N=308)

29,2 28,4

10,3

21,4

12,3

7,2

Fig. 3  Mortality rate at 60 days according to the number of days from symptoms onset to admission (DSOA) and the cycle threshold
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supporting the concept that severity of COVID-19 is asso-
ciated with poor viral replication control.

In conclusion, the Ct value is an independent predictor 
of mortality at 60 days and the most reliable cut-off point 
is ≤ 25. The analysis also suggests that the influence of the Ct 
value is greater within the first week from symptoms onset 
as we would expect from the already known viral dynamics. 
Therefore, to properly evaluate the efficacy of antivirals it 
would be useful to include the Ct value and the DSOA in the 
parameters used to define the study population [25].
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