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Background: Interleukin 6 (IL6) levels and SARS-CoV-2 viremia have been correlated
with COVID-19 severity. The association over time between them has not been
assessed in a prospective cohort. Our aim was to evaluate the relationship between
SARS-CoV-2 viremia and time evolution of IL6 levels in a COVID-19 prospective cohort.

Methods: Secondary analysis from a prospective cohort including COVID-19
hospitalized patients from Hospital Universitario La Princesa between November
2020 and January 2021. Serial plasma samples were collected from admission until
discharge. Viral load was quantified by Real-Time Polymerase Chain Reaction and
IL6 levels with an enzyme immunoassay. To represent the evolution over time of both
variables we used the graphic command twoway of Stata.

Results: A total of 57 patients were recruited, with median age of 63 years (IQR [53–81]),
61.4% male and 68.4% Caucasian. The peak of viremia appeared shortly after symptom
onset in patients with persistent viremia (more than 1 sample with > 1.3 log10 copies/ml)
and also in those with at least one IL6 > 30 pg/ml, followed by a progressive increase
in IL6 around 10 days later. Persistent viremia in the first week of hospitalization was
associated with higher levels of IL6. Both IL6 and SARS-CoV-2 viral load were higher in
males, with a quicker increase with age.
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Conclusion: In those patients with worse outcomes, an early peak of SARS-CoV-2
viral load precedes an increase in IL6 levels. Monitoring SARS-CoV-2 viral load during
the first week after symptom onset may be helpful to predict disease severity in COVID-
19 patients.

Keywords: SARS-CoV-2, viremia, interleukin 6 (IL-6), prognosis, COVID-19

INTRODUCTION

One of the most feared complications of the disease caused by
the coronavirus SARS-CoV-2 (COVID-19), is the development
of an Acute Respiratory Distress Syndrome (ARDS), which
can affect 15.6–31% of patients (1). Siddiqui and Mehra
(2) proposed that ARDS is part of the final stage of the
disease, in which clinical features are mainly the consequence
of the host hyperinflammatory response and a cytokine
storm; whereas the stage I (early infection) is mainly
caused by viral replication and the early immune response.
However, to the best of our knowledge, this proposal has
not been validated.

Since the outbreak of the COVID-19 pandemic, many efforts
have been made to find early risk factors and biomarkers able
to predict the evolution toward the cytokine storm. In this
sense, older age, obesity and comorbidities such as hypertension,
diabetes and coronary heart disease have been associated with
higher risk of death (3, 4). On the other hand, increased levels
of C reactive protein (CRP), lactate dehydrogenase (LDH), and
D-dimer, among others, have been shown to be related to the
development of ARDS and mortality (3, 5, 6).

In this context, Interleukin 6 (IL6) has been described as
one of the most useful biomarkers (7). In a previous work,
we showed that IL6 could be a severity biomarker but also
a guide to select COVID-19 patients who could benefit from
treatment with tocilizumab, an inhibitor of the IL6 receptor (8).
Another important biomarker is the presence of SARS-CoV-2
RNA in peripheral blood (viremia), which has been associated
with disease severity and a hyperinflammatory state (9, 10).
Saji et al. (11) showed that the combination of SpO2/FiO2,
IL6 and the presence of SARS-CoV-2 viremia at admission had
the highest accuracy to predict fatal outcomes. Bermejo et al.
(12) and Myhre et al. (13) found that the presence of SARS-
CoV-2 viremia at admission correlated with increased levels of
IL6, CRP, and ferritin. In addition, a proteomic analysis showed
that the expression of viral response and interferon/monocytic
pathway proteins such as IL6 and one of its regulators,
the Nicotinamide phosporibosyl transferase (NAMPT), were
upregulated in patients with quantifiable SARS-CoV-2 viremia at
admission, compared to those with undetectable viremia (14).

In a previous study of our group, we found that viremia was
associated with Intensive Care Unit (ICU) admission and in-
hospital death, and it was a better biomarker than IL6 (10). In this
regard, since SARS-CoV-2 infection is involved in triggering IL6
expression, viremia as an indicator of the systemic viral shedding,
could be related with the IL6 response and be useful as an early
biomarker (phase of viral response). Nevertheless, the factors

determining an IL6 increase in COVID-19 patients have not been
well established yet and the association over time between SARS-
CoV-2 viremia and IL6, has not been assessed in a prospective
cohort with serial samples.

Considering our previous results, the aim of this study was to
evaluate the relationship between the presence of SARS-CoV-2
viremia and the time evolution and IL6 levels in a prospective
cohort of COVID-19 hospitalized patients.

MATERIALS AND METHODS

Study Design, Population, and Data
Collection
This work is a secondary analysis of samples from a prospective
observational cohort assembled to validate the predictive value
of SARS-CoV-2 viremia (ongoing manuscript). The study
included patients hospitalized for COVID-19 in Hospital
Universitario La Princesa (HUP) between November 1st 2020
and January 15th 2021.

The inclusion criteria were: (a) positive Real-Time Reverse
Transcription Polymerase Chain Reaction (rRT-PCR) for
SARS-CoV-2 in nasopharyngeal and throat swabs at most
48 h prior to hospitalization; (b) acceptance to participate
in the study and oral or written consent; (c) age older
than 18 years. The exclusion criteria were: (a) patients
without an initial viremia determination in the first 24–36 h
after admission; (b) patients unlikely to be followed-up
because they were candidates to be transferred to other
health facilities.

Clinical, laboratory and therapeutic data were collected from
electronic clinical records and included in an anonymized
database. Baseline clinical and laboratory data are to those
obtained at admission day.

The need for hospitalization was decided by the physicians
at the emergency room based on clinical criteria, without
the intervention of the research team. Patient’s treatment and
management was decided by each attending physician based on
the hospital protocols and their clinical judgment. Attending
physicians were blind to the viremia results.

Sample Size
The sample size was estimated in 49 patients to validate the
primary objective of the study “SARS-CoV-2 viremia as a
biomarker of disease severity” (ongoing manuscript) based on the
results of our previous retrospective studies (10, 15); nevertheless,
57 patients were finally included.
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Sample Collection
Serial plasma and serum samples were collected from admission
until discharge. In the first week, samples were collected every
48 h, with the first sample in the first 24–36 h. Thereafter, samples
were collected twice a week. All samples were frozen at –80◦C and
stored in the Microbiology Department facilities.

SARS-CoV-2 RNA Extraction and
Detection
Firstly, a nucleic acid extraction of samples was performed by the
automatic eMAG R© Nucleic Acid Extraction System (Biomerieux,
France). Detection of viremia was performed with rRT-PCR using
TaqPathTM COVID-19 CE81 IVD RT-PCR Kit [Thermo Fisher
Scientific, United States (TFS)], according to the manufacturer’s
instructions, by a QuantStudioTM 5 Real Time PCR System
(Applied Biosystems, United States). Amplification curves were
analyzed with QuantStudioTM Design and Analysis software
version 2.4.3 (Applied Biosystems, United States) and interpreted
by a clinical microbiologist. To increase sensitivity, two wells were
used for each sample. Two positive controls (one of 20,000 copies
and another of 200 copies) and two negative controls were added
in each run in duplicate.

Quantification of Viral Load
A standard curve was established using a positive control with a
known concentration (TaqPath Positive Control from TaqPathTM

COVID-19 Control Kit) of 10,000 copies/µl of the SARS-CoV-
2 genomic regions targeted by the TFS assay. Ten-fold serial
dilutions of the positive control were made up to 1 copy.
Nine wells of each of the concentrations and of the negative
control were added to the run. The rRT-PCR was performed
by QuantStudioTM 5 Real Time PCR System and a standard
curve was obtained plotting DNA concentration against cycle
threshold (Ct) values. The amplification curves were analyzed
with QuantStudioTM Design and Analysis software version 2.4.3
(Applied Biosystems, United States). The results of the nine wells
with 1 copy were omitted because they were widely dispersed.

Viral load was calculated from Ct values using the standard
curve as reference and was expressed as copies/ml and the
logarithm with base 10 (log10). Due to the variability and
lack of accuracy obtained with the lower levels of SARS-CoV-
2 viremia, only viremias > 1.3 log10 (20 copies/ml) were
considered quantifiable.

Interleukin 6 Measurement
Serum samples collected in the same extraction as the plasma
used for SARS-CoV-2 viremia determinations were used to assess
IL6 levels. IL6 levels were retrospectively quantified in triplicate
with the Human IL6 Duoset enzyme-immunoassay from R&D
Systems Europe Ltd. (Abingdon, United Kingdom), following the
manufacturer’s instructions.

Variables
For analysis using viremia as a quantitative variable, all values
were used. However, to define viremia as categorical, positive
viremia was considered when values were higher than 1.3 log10

(namely 20 copies/ml, which was the threshold for quantifiable
viremia) and negative when values were below this threshold.
Persistent viremia was defined as more than one positive viremia
in the first week of hospitalization.

Two different variables were used to evaluate IL6 levels: (a)
a quantitative variable defined as IL6 concentration, expressed
in pg/ml, (b) a dichotomic variable, which considered levels of
IL6 as high when at least one IL6 determination was higher than
30 pg/ml or low if all determinations were below 30 pg/ml. This
threshold was based on our previous study, where we showed that
IL6 > 30 pg/ml was associated with poor respiratory outcomes
(8). The average levels of IL6 and viral load were defined as the
arithmetic mean of all their determinations in each patient.

Statistical Analysis
We used Stata 14.0 for Windows (Stata Corp. LP, College
Station, TX, United States) for all the analysis described
below. Quantitative variables were represented as median and
Interquartile Range (IQR), and the Mann Whitney or Kruskall
Wallis tests were used to assess significant differences, since
all quantitative variables followed a non-normal distribution.
Qualitative variables were described as counts and proportions
and Chi square or Fisher’s exact test was used for comparisons.

In order to comparatively show levels of IL6 and viral load
through the two first weeks of follow-up, we used as time
variable the number of days from the beginning of symptoms to
collection of each sample. To represent the mean evolution over
time of both variables we used the graphic command twoway
from Stata with the option fractional polynomial prediction
with 95% confidence interval (CI). Since it is well known that
blockade of IL6 receptor with tocilizumab can result in an
increase of IL6 serum levels (16), we decided to carry forward the
last observation before tocilizumab treatment [last observation
carried forward (LOCF) strategy] to replace IL6 values in the
remaining visits of the first 2 weeks for those patients treated
with tocilizumab in order to avoid the bias of excluding this
important population (see comparative baseline characteristics in
Supplementary Table 1). Furthermore, we also applied LOCT
strategy for those patients who died or were discharged before
the 5th visit (14th day after admission), in order to obtain a more
homogeneous number of determinations all along the follow-up.

To determine which variables were associated with high levels
of IL6, we performed a multivariable logistic regression analysis
that was first modeled by adding all the variables with a p-value
lower than 0.15 in the bivariable analysis. The final model was
reached through backward stepwise removal of variables with
p-value higher than 0.15.

Ethics
This study was approved by the Research Ethics Committee
of Hospital Universitario La Princesa, Madrid (register number
4267; 22-10-2020), and it was carried out following the ethical
principles established in the Declaration of Helsinki. As proposed
by AEMPS (Agencia Española de Medicamentos y Productos
Sanitarios, The Spanish Agency for Medicines and Medical
Devices), only oral consent was required due to the COVID-19
emergency (17). However, a written information sheet was also
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offered to all patients. After being informed about the study,
all included patients (or their representatives) gave informed
consent, which was registered in the electronic clinical chart.

This article was written following the STROBE initiative
(Strengthening the Reporting of Observational studies
in Epidemiology).

RESULTS

Study Population and Sample
Characteristics
A total of 57 patients were recruited, with median age of
63 years (IQR 53–81), 61.4% were male, 68.4% Caucasian,
and 75.4% had previous comorbidities. The median time from
symptom onset to first sample was 8 days (IQR 4–10). Baseline
clinical characteristics according to IL6 levels are shown in
Table 1. During patients’ hospitalization, 301 serum samples
were collected, with a median number of 3 samples per
patient (IQR 2-5).

Nine patients were treated with tocilizumab, who on
average, showed data suggesting a more severe disease,
although differences did not reach statistical significance
(Supplementary Table 1).

Most patients who progressed to a severe disease started
this evolution 7–14 days after the symptoms onset. In addition,
patients with a more benign course were discharged at the
end of the first week after admission. For clinical consistency,
we decided to analyze only the samples corresponding to the
first 2 weeks of hospitalization, a maximum of 5 samples per
patient. Thus, IL6 levels were measured in 228 samples, with
a median of 3.6 pg/ml (IQR 0–21 pg/ml). Baseline clinical
characteristics of patients depending on IL6 status are shown in
Table 1. SARS-CoV-2 viremia was determined in 234 samples,
with the highest percentage of positive viremia (36.8%) at
admission (visit 1).

Time Course of Interleukin 6 and
SARS-CoV-2 Viremia
The average serum levels of IL6 and SARS-CoV-2 viral load were
moderately but significantly correlated (r = 0.41, p = 0.0014;
Supplementary Figure 1).

Figure 1A shows the evolution over time of IL6 and
viremia analyzed using data from the whole population
(including IL6 after tocilizumab treatment). The peak of
viremia appeared early, at the first days after symptom onset
(day 3–5), and quickly decreased. On the other hand, the
highest levels of IL6 were found at day 20. The wide
95% CI suggested a high heterogeneity, especially at both
extremes of the time course. Figure 1B shows the results
when the LOCF strategy (see Statistical section for further
information) was used to minimize the increase of IL6 induced
by tocilizumab (see Supplementary Figure 2 for raw data in
cases treated or not with tocilizumab). With LOCF strategy,
the peak of IL6 was smaller, but the time course of IL6
production was quite similar to that obtained from raw

data. Hereinafter, the relationship between IL6 and SARS-
CoV2 viral load shown corresponds to results obtained with
the LOCF strategy.

Relationship Between Interleukin 6 and
SARS-CoV-2 Viremia
A total of 19 patients had high IL6 (Table 1), of them 11 (57.9%)
had persistent viremia compared to 5 patients (13.2%) in the low
IL6 group (p = 0.001), with an odds ratio of 9.1 (95%CI 2.5–32.6)
(Figure 2E). In the graphic representation of IL6 and viral load
according to high/low IL6 (Figures 2A,B), an early and minor
peak of IL6 was found in the low IL6 group, together with a small
peak of viremia at day 4. On the other hand, patients with at least
one IL6 above 30 pg/ml had an early high viremia around day 3
and a progressive increase of IL6 especially after day 12.

When the prediction of IL6 and viral load was calculated
according to persistent viremia status, remarkable differences
were obtained (Figures 2C,D). In the persistent viremia group,
viral load showed a peak around day 4, whereas IL6 had a two-
phase increase: one at the first days from symptom onset and then
a subsequent progressive increase after day 5. Regarding non-
persistent viremia the increase of IL6 was slow from symptom
onset until day 20. The median of the average levels of IL6 were
3.6 pg/ml (IQR 1.0–9.2 pg/ml) in the non-persistent viremia
group and 21.4 pg/ml (IQR 12.3–44.9) in patients with persistent
viremia (p < 0.001).

Prediction of Interleukin 6 and
SARS-CoV-2 Viremia According to
Demographic Factors
The effect of demographic factors on IL6 levels and SARS-
CoV-2 viremia was also assessed. The median of the average
IL6 concentration was significantly higher in males (11.3 pg/ml
[IQR 3.3–27.5] than in females (2.5 pg/ml [IQR 0.7–9.2 pg/ml];
p = 0.005). In the group of patients with high IL6, 84.2% were
male compared to 50% in the group with low IL6 (p = 0.02).
No differences were found in the average viral load (11.1
copies/ml [IQR 0–197.3 copies/ml] vs. 2.3 copies/ml [IQR 0–
6.8 copies/ml]; p = 0.08) or in the percentage of patients with
persistent viremia (34.3% vs. 18.2%; p = 0.24) between males
and females, respectively. However, predicting curves for IL6
and viral load were substantially different depending on sex
(Figure 3A). In males, curves had a fast increase in viral
load with a peak around day 2 from symptom onset and a
later rise in IL6 levels until day 20, while women showed
a small increase in viral load and IL6 between day 2 and
7 approximately.

The effect of age on IL6 levels and viral load was also
considered. The average levels of IL6 and viremia did not
correlate with age (r = 0.21, p = 0.13; and r = 0.19, p = 0.16;
respectively). Moreover, no differences were found when age was
categorized as < 75 years and > 75 years (p = 0.57 and p = 0.88,
for IL6 and viral load, respectively). In the group with high IL6,
31.6% of patients were older than 75 years, the same percentage
as in the low IL6 group (p = 1). Regarding persistent viremia, the
proportion of patients older than 75 years was 29.3% in the group
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TABLE 1 | Baseline clinical characteristics of the study population according to IL6 levels.

Study population
(n = 57)

Low IL6
(n = 38)

High IL6
(n = 19)

P-value

Age; median (IQR) 63 (53–81) 60 (49–81) 72 (59–81) 0.21

Male sex; n (%) 35 (61.4) 19 (50) 16 (84.2) 0.02

Race/ethnicity; n (%)
-Caucasian
-Latin-American
-Asian

39 (68.4)
16 (28.1)

2 (3.5)

22 (57.9)
15 (39.5)

1 (2.6)

17 (89.4)
1 (5.3)
1 (5.3)

0.009

*0.01

Comorbidities; n (%) 43 (75.4) 30 (79) 13 (68.4) 0.5

Age-adjusted Charlson’s Comorbidity Index; median (IQR) 3 (1–5) 2.5 (1–5) 4 (1–5) 0.37

Days from symptom onset to first sample; median (IQR) 8 (4–10) 8 (4–12) 6 (3–8) 0.12

Persistent viremia; n (%) 16 (28.1) 5 (13.2) 11 (57.9) 0.001

Clinical progressionˆ; n (%) 12 (21.1) 3 (7.9) 9 (47.4) 0.001

Intensive Care Unit; n (%) 8 (14) 3 (7.9) 5 (26.3) 0.1

In-hospital mortality; n (%) 5 (8.8) 0 5 (26.3) 0.003

*Significant differences were only found between Caucasians and Latin-Americans. ˆClinical progression was defined as a worsening of at least one point on the WHO
COVID Ordinal Outcomes Scale (33) during a 14-day follow-up after admission.

FIGURE 1 | The peak of viral load precedes the IL6 increase. Graphic representation of time-course of IL6 levels and SARS-CoV-2 viral load from symptom onset.
(A) representation of raw data. (B) Representation of data after applying the LOCF strategy. The fractional polynomial prediction was performed using the twoway
command of Stata.

with non-persistent viremia and 37.5% in those with persistent
viremia (p = 0.55). In the prediction curves according to age and
sex, all parameters increased with age except for viral load in
males, which peaked between 40 and 50 years (Figure 3B).

Regarding ethnicity, there were only differences between
Caucasians and Latin-Americans in the average IL6 levels (11.9
[IQR 2.9–35.2] vs. 2.9 [IQR 1.0–4.3]; p = 0.005), and the
percentage of patients with high IL6 (89.5% vs. 5.3%, p = 0.01)
(Table 1). No differences were found depending on ethnicity
in the average viral load or the percentage of patients with
persistent viremia.

Finally, a multivariable analysis showed that the presence of
high IL6 was associated with persistent viremia (OR 10.0 [95%CI
2.0–49.5]; p = 0.005); conversely, female sex (OR 0.17 [0.03–0.9];
p = 0.04) and Latin-American origin (OR 0.06 [0.01–0.7];
p = 0.02) had a protective effect.

DISCUSSION

This study assessed the relationship between IL6 and
SARS-CoV-2 viremia. The most relevant finding was the

different time course of IL6 and viremia: the peak of viremia
appeared shortly after symptom onset in patients with persistent
viremia and also in those with at least one measure of IL6 > 30
pg/ml, in which it was followed days later by a progressive
increase in IL6. Moreover, the presence of persistent viremia
in the first week of hospitalization was associated with higher
levels of IL6. Both IL6 and SARS-CoV-2 viral load were higher
in males, with a progressive increase with age that occurred
earlier in males.

Our findings are consistent with the COVID-19 phases first
described by Siddiqui and Mehra (2). These authors described
an early stage characterized by a viral response (SARS-CoV-2
viremia) and a final stage caused by a hyperinflammatory state
characterized by increased levels of IL6. To date, only two studies
have evaluated SARS-CoV-2 viremia and systemic cytokines in
a longitudinal design, but none of them considered the different
time course of the increase in viremia and IL6 (18, 19). Van Riel
et al. (18) only included 20 patients and found that the levels of
IL6 were associated with critical disease but not with the presence
of viremia; while Brasen et al. (19) found and association between
maximum viral load and IL6. Neither of them assessed the
temporal course of both biomarkers. In our previous work (10),
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FIGURE 2 | Patients with worse outcomes have an early peak of SARS-CoV-2 viral load before a prominent increase in IL6 levels. Graphic representation of IL6
levels and SARS-CoV-2 viral load from symptom onset in: (A) patients with low IL6; (B) patients with at least one IL6 > 30 pg/ml (high IL6); (C) non-persistent
viremia; and (D) persistent viremia. (E) Represents the percentage of patients with persistent viremia according to IL6 levels (low vs. high). (A–D) The fractional
polynomial predictions were performed using the twoway command of Stata.
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FIGURE 3 | Males had more relevant increases of IL6 and viral load. (A) Represents the levels of IL6 and viral load from symptom onset by sex (both panels using
the same scale), while (B) shows levels of IL6 and viral load by age and sex (both panels using the same scale). The fractional polynomial predictions were performed
using the twoway command of Stata.

we described that the presence of relevant SARS-CoV-2 viremia
was associated with higher risk of death and ICU admission.
Furthermore, viremia was the most useful biomarker for these
outcomes, being superior to IL6, lymphopenia and LDH. In the
present study, we show that the SARS-CoV-2 viremia appears
early in the course of the disease, standing out as a relevant,
simple and early biomarker.

Since the beginning of the pandemic, CRP, and IL6 levels
have been used as prognostic biomarkers in COVID-19; in
addition, IL6 activity has been targeted for treatment by the
anti-IL-6 receptor antibody but also to guide treatment and
predict response to tocilizumab (8, 20, 21). Moreover, a previous
study of our group showed that high levels of IL6 (above
30 pg/ml) were associated with worse prognosis of COVID-
19, and also with a better response to tocilizumab, thereby
suggesting a role of IL6 levels in guiding treatment and
predicting response to this therapeutic agent (8). However,
Ong et al. (22) and Liu et al. (23) showed that IL6 in
COVID-19 patients peaked after the worsening of respiratory
function, suggesting that when proinflammatory biomarkers

rise, lung damage might be already established. In our cohort,
68.8% of patients with persistent viremia had at least one
IL6 > 30 pg/ml in the later hyperinflammatory phase of the
disease. Taking into account the high percentage of patients
with persistent viremia who develop an hyperinflammatory
response, these patients might be considered as candidates for
intensive treatment and surveillance, or even for early treatment
with IL6 blockade.

Nevertheless, these findings might not be extensive to all
patients. A more severe course of COVID-19 and higher levels
of IL6 have been previously described in older males (24). In
this sense, genetic and hormonal factors have been proposed
to be involved in age and sex related differences in COVID-
19 (24, 25). One of the most studied SARS-CoV-2 related
proteins is ACE2, the membrane receptor needed for the virus
internalization, which is encoded by the gen of the same name
located in the X chromosome (25, 26). ACE2 expression increases
with age and in male sex in COVID-19 patients (27, 28).
ACE2 expression also correlates with SARS-CoV-2 infectivity
in cells of the respiratory tract (29) and with higher viral
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loads in nasopharyngeal swabs (30). Whether endothelial and
vascular ACE2 is related to viral load in peripheral blood has
not been assessed yet, but it is plausible that higher levels of
systemic ACE2 lead to increased viremia. Another proposed
mechanism to explain sex differences is the effect of Toll
Like Receptor (TLR) pathways, especially TLR7. This receptor,
which recognizes viral single strain RNA and enhances IL6
production, is also located in X chromosome. TLR7 was one
of the most important susceptibility genes found in an Italian
cohort of COVID-19 patients, where 6.3% of young males
with life-threatening disease presented missense variants of this
gene (31).

Regarding ethnicity, patients with a Latin-American origin
had lower levels of IL6 in our cohort. In this sense, other
cytokines and chemokines such as MCP-1, IL-10, IL-15,
CXCL10, and CCL2 have been associated with SARS-CoV-
2 viremia (12, 18). It is possible that the immune response
of COVID-19 patients is enhanced by molecular pathways
different from IL6, which may play a relevant role in patients
without an IL6 increase. However, this hypothesis needs to
be further evaluated with studies with bigger sample size
than our cohort.

This study has several limitations. First of all, the sample
size of our cohort was small, although it was sufficient to find
different patterns in the kinetics of IL6 and viral load. Secondly,
all patients included were hospitalized and their first sample was
obtained at a median of 7 days after symptom onset, therefore,
data from the first days of the disease were limited. In addition,
information about different variants of SARS-CoV-2 in our
cohort could not be obtained because viral sequencing was not
available in our facilities. However, at the time our study was
performed, the most prevalent variant in Madrid was the original
strain (32).

In conclusion, in those patients with worse outcomes, an early
peak of SARS-CoV-2 viral load precedes around 5–10 days a
prominent increase in IL6 levels. This finding was very clear
in males older than 40 years. Therefore, monitoring SARS-
CoV-2 viral load during the first week after symptom onset
may be helpful to stratify the severity of patients and predict
those who are at high risk of developing hyperinflammatory
syndrome and ARDS.
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