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Different cytokine and chemokine
profiles in hospitalized patients
with COVID-19 during the first
and second outbreaks from
Argentina show no association
with clinical comorbidities
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Background: COVID-19 severity has been linked to an increased production of

inflammatory mediators called “cytokine storm”. Available data is mainly restricted

to the first international outbreak and reports highly variable results. This study

compares demographic and clinical features of patients with COVID-19 from

Córdoba, Argentina, during the first two waves of the pandemic and analyzes

association between comorbidities and disease outcome with the “cytokine

storm”, offering added value to the field.

Methods: We investigated serum concentration of thirteen soluble mediators,

including cytokines and chemokines, in hospitalized patients with moderate and

severe COVID-19, without previous rheumatic and autoimmune diseases, from the

central region of Argentina during the first and second infection waves. Samples
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from healthy controls were also assayed. Clinical and biochemical parameters

were collected.

Results: Comparison between the two first COVID-19 waves in Argentina highlighted

that patients recruited during the second wave were younger and showed less

concurrent comorbidities than those from the first outbreak. We also recognized

particularities in the signatures of systemic cytokines and chemokines in patients from

both infection waves. We determined that concurrent pre-existing comorbidities did

not have contribution to serum concentration of systemic cytokines and chemokines

in COVID-19 patients. We also identified immunological and biochemical parameters

associated to inflammation which can be used as prognostic markers. Thus, IL-6

concentration, C reactive protein level and platelet count allowed to discriminate

between death and discharge in patients hospitalized with severe COVID-19 only

during the first but not the second wave.

Conclusions: Our data provide information that deepens our understanding of

COVID-19 pathogenesis linking demographic features of a COVID-19 cohort with

cytokines and chemokines systemic concentration, presence of comorbidities and

different disease outcomes. Altogether, our findings provide information not only

at local level by delineating inflammatory/anti-inflammatory response of patients

but also at international level addressing the impact of comorbidities and the

infection wave in the variability of cytokine and chemokine production upon SARS-

CoV-2 infection.
KEYWORDS

COVID-19, SARS-CoV-2, comorbidities, cytokine storm, first infection wave, second
infection wave, mortality, hypertension
Introduction

Coronavirus disease 2019 (COVID-19) was initially defined as an

atypical pneumonia caused by a novel virus identified as Severe Acute

Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) (1). Early on,

COVID-19 reached pandemic proportions and to date, more than five

hundred and seventy-five million people have been infected and more

than six million have died due to this disease (2). COVID-19 clinical

manifestations range from mild to severe with a small percentage of

patients developing pneumonia and respiratory failure, which may be

later complicated by multiorgan dysfunction with acute respiratory

distress syndrome (ARDS), shock and death (3–5). Is not fully

established why infection with the same virus results in such a

spectrum of disease severity; however, current evidence points to

the relevance of inter-individual variability of the immune system

response and/or predisposing risk factors (6). Insufficient type I

interferons (IFNs) response during the first few days of infection is

associated with severe COVID-19, underlining the impact of

mounting weak anti-viral response that results in impaired viral

clearance (7). Also, dysfunctional activation of the immune system

that leads to exacerbated production of immune mediators and

profound abnormalities in the lymphoid compartment are related

with the severity and mortality of SARS-CoV-2 infection (8, 9).

Uncontrolled production of cytokines, chemokines, and other

inflammatory soluble mediators, also called “cytokine storm”, has
02
been reported as the most mortality related complication that can

occur during SARS-CoV-2 infection (10–12). Indeed, the “cytokine

storm” has been proposed as a driver of inflammation that is thought

to be central to the pathogenesis of severe COVID-19. In addition,

predisposing risk factors such as age over 60, male sex and several pre-

existent comorbidities have been associated with a worst outcome

(13–15), although a link between age, sex, comorbidities, and

production of inflammatory/anti-inflammatory mediators has not

been clearly established.

Since March 2020, several studies on “cytokine storm” in

COVID-19 patients from all over the world have been published

(16–18). These studies presented data mostly from the first wave of

the outbreak and reported highly variable cytokine profiles particular

to different geographical regions where the studies were conducted

(19, 20). Likely, the variability was a consequence of different Variants

of Concern (VOC) circulation of as well as of population

demographics, local sanitary strategies, and health system resilience.

In this context, information about the production of soluble

mediators in association to SARS-CoV-2 infection outcomes at

defined geographical locations may identify particular predictors of

disease severity at local population level.

Argentina reported its first COVID-19 case on March 3rd, 2020,

and showed different infection waves, with the first two peaking in

October 2020 and May 2021 (21). In the present study, we

investigated serum concentrations of thirteen soluble mediators,
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including cytokines and chemokines, in patients with moderate and

severe COVID-19 hospitalized in Córdoba, the second most

populated city in Argentina, during the first and second infection

waves. Comparison between both infection waves highlighted that

patients recruited during the second wave were younger and showed

less concurrent comorbidities than those from the first outbreak. We

determined that concurrent pre-existing comorbidities had an

irrelevant contribution to the levels of systemic cytokines and

chemokines in COVID-19 patients. Finally, we identified certain

parameters such as Interleukin (IL)-6 concentration, C reactive

protein (CRP) level and platelet count that allowed to discriminate

between death and survival in patients hospitalized with severe

COVID-19 only during the first wave. Our data provide

incremental information to deepen our understanding of COVID-

19 pathogenesis by linking demographics of a COVID-19 cohort with

systemic concentrations of cytokines and chemokines, presence of

comorbidities and different disease outcomes.
Methods

Ethics statement

This study was approved by the “Registro Provincial de

Investigación en Salud (RePIS)” (Provincial Registry of Health

Research), Córdoba, Argentina under number 4039 and by the

Institutional Review Board (IRB) of Hospital Privado Universitario

de Córdoba (HPUC), Córdoba, Argentina. Patients enrolled in the

study provided written informed consent prior to participation in

accordance with the Declaration of Helsinki and data were protected

in accordance with Argentine law N° 25.326. Patients included in this

study were recruited during the first and second waves of SARS- CoV-

2 pandemic in Córdoba, Argentina between October-December 2020

and February-June 2021, respectively (21, 22). In the first wave, the

B.1.499 and N.3 lineages were the most common circulating strains

(23), while in the second one the gamma, lambda and alpha SARS-

CoV-2 variants were predominant, followed by non-VOC non-VOI

variants (24).
Participants

Diagnosis of SARS-CoV-2 infection was made by a SARS-CoV-2

nucleic acid amplification test following guidelines of “Ministerio de

Salud” from Argentina. Reverse transcriptase polymerase chain

reaction (RT-PCR) (PerkinElmer®, Massachusetts, U.S) was

performed in nasal and pharyngeal swab samples (21). Only

hospitalized patients were recruited (n=118) and classified as

moderate or severe COVID-19 according to clinical parameters

(25, 26).

Data related to age, gender, pre-existent comorbidities (arterial

hypertension, diabetes, overweight, obesity, dyslipidemia, asthma,

hypothyroidism, heart disease and any other non-rheumatic and

-autoimmune chronic underlying disease) discharge or death, were

collected in a database updated daily. The patients did not receive

specific anti-inflammatory therapies previous SARS-CoV-2 infection/

hospitalization. A cohort of age-matched healthy volunteers (n=24)
Frontiers in Immunology 03
were recruited and included as healthy control (HC). The healthy

individuals recruited for this study had no history of chronic

pathologies and showed no symptoms compatible with any

infectious process in the last month before sample collection. A

single cohort of healthy individuals that covered the age ranges of

COVID-19 patients from the first and second waves was used for

comparison. Blood samples from HC were obtained at the beginning

of the study, during the first wave. HC had no previous history of

SARS-CoV-2 infection diagnosed either by positive SARS-CoV-2

nucleic acid amplification test, compatible symptoms, or

epidemiological close-contact criteria (21, 25). None of the

participants, including HC, received a COVID-19 vaccine before

their inclusion in this study.
Samples

Blood samples from HC and COVID-19 patients, at the time of

hospitalization, were collected by venipuncture into BD Vacutainer®

SST™ tubes for serum collection. Serum aliquots were stored at –80°

C until cytokine multiplex analysis was performed. Blood routine tests

(neutrophil and platelet counts, and serum CRP concentration) were

performed at the medical laboratory of HPUC. All the samples were

analyzed in the same machines.
Quantification of cytokines and chemokines

Simultaneous quantification of thirteen proteins in serum from

COVID-19 patients and HC was performed using a bead-base

multiplex assay by flow cytometer (LEGENDplexTM Human Anti-

Virus Response Panel, Cat. # 740390, Biolegend). Concentration (pg/

ml) of the following proteins was determined: IFNs type 1 (IFN-b and

IFN-a2), IFN type 2 (IFN-g), IFNs type 3 (IFN-l1 or IL-29 and IFN-

l2/3 or IL-28A/B), IL-1b, IL-6, IL-8, IL-12p70, IL-10, tumor necrosis

factor (TNF), granulocyte macrophage colony stimulating factor

(GM-CSF) and IFN-g-inducible protein 10 (IP-10). Serum samples

and standards were run in duplicates in plates according to the

manufacturer’s instructions with some modifications. Briefly, a mix

(50:50) of serum and Assay Buffer or standards and Matrix B were

incubated with mixed beads, washed, and incubated with biotinylated

detection antibodies and PE-conjugated streptavidin. Two pools of

sera from HC (male and female) were included in each measurement

for quality assurance purposes (data not shown). The samples were

transferred from plate to tube and read using a FACSCanto II™ flow

cytometer and data analyzed with LEGENDplexTM Data Analysis

Software. Cytokine concentration was normalized using logarithm

scale with base 10.
Statistical analysis

Prior the statistical analysis, a normality test (Shapiro–Wilk test)

was used to determine the normal distribution of the datasets.

Descriptive analysis of categorical variables was expressed as

absolute and relative frequencies and numerical variables were

expressed as mean (± standard error of mean, SEM). Chi-Square
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was used to test differences in frequency of mortality and

comorbidities between different categories of patients. Association

between sex, COVID-19 severity and mortality was evaluated using

odds ratio (OR) (27) and 95% confidence interval (CI). Further

specifications for the statistical test used are detailed in each figure.

Statistical and graphical data analysis were done with GraphPad

Prism version 7.0 for Windows (GraphPad Software, San Diego,

CA, USA) and R studio version R-4.0.2 (28).

Multivariate logistic regression was conducted to explore

predictors of mortality (IL-6, IL-8 and IFN-a2) by estimating the

95% CI. Receiver Operating Characteristics (ROC) curve analysis was

done to evaluate sensitivity and specificity of the model. Performance

of the model was evaluated with the area under the curve (AUC)

derived from (ROC) analysis. For every test, p-value lower than 0.05

was considered statistically significant.
Results

Demographic characteristics in patients with
COVID-19 were different in the first and
second waves

During the first and second outbreaks of SARS-CoV-2 infection

in the city of Cordoba, in the central region of Argentina, a total of

118 patients hospitalized with COVID-19 and 24 HC were recruited

in this clinical study. Demographic characteristics showed that most

of COVID-19 patients recruited during the first wave were in the age

range of 61-80 while the cohort from the second wave was younger,

with patients aged between 41-60 (Figure 1A). Mean of age of patients

from the second wave was significantly lower than in the patients

from the first one (p<0.05, data not shown). According to clinical

parameters, patients were categorized in moderate and severe as

described in Methods. Males represented the majority of patients in

our cohorts with moderate and severe disease, both in the first

(moderate: 67%; severe: 74%, OR: 1.31, 95% CI 0.4-4.5) and in the

second wave of the pandemic (moderate: 75%; severe: 79%, OR: 1.25,

95% CI 0.3-4.9) (Figure 1B). Evaluation of mortality frequency

showed that death rate was lower during the first and second waves

in males than females within the group with moderate disease

(Figure 1C). As expected, frequency of deceased patients increased

in the cohort of severe disease in both waves (total severe patients

versus total moderate patients, p<0.005 and p<0.0005 for first and

second wave, respectively, data not shown). Male patients with severe

disease from the first wave showed higher mortality risk than their

female counterparts (OR: 1.49, 95% CI: 0.2-4.1). In contrast, mortality

risk in male patients with severe disease was reduced in the second

wave (OR: 0.86, 95% CI: 0.8-4.1). Global mortality was 51% and 60%

in the first and second infection waves, respectively.

The most common pre-existent comorbidities present in the

cohort from the first wave were hypertension (48.39%), obesity

(30.65%), diabetes (24.19%) and dyslipidemia (24.19%) while

hypertension (35.71%), overweight (30.65%), obesity (21.43%) and

diabetes (14.29%) were predominant in patients recruited during

second wave (Figure 1D). The percentage of patients in each outbreak

that have none, one, two, three or more comorbidities are shown in a

pie chart on the right. Remarkably, 54% of patients had three or more
Frontiers in Immunology 04
comorbidities in the first wave while this percentage decreased to 26%

during the second wave.
Differential intensity in the signatures of
systemic cytokines and chemokines in
patients recruited during the first and the
second waves of COVID-19

To compare features of the “cytokine storm” in the cohort of

patients from the first and second waves, we evaluated serum

concentrations of thirteen cytokines and chemokines related to

inflammation and viral control using LEGENDplexTM Human

Anti-Virus Response Panel. As depicted in Figure 2A, patients

infected during the first wave showed significantly increased serum

concentration of all the cytokines/chemokines measured when

compared to HC, with the only exception of IL-28 that showed

similar concentration in the serum of patients and controls. Similarly,

the cohort of patients infected during the second wave exhibited

higher serum concentration of all the analytes evaluated except for IL-

10 that showed no differences between infected patients and controls.

We detected five cytokines (TNF, IL-28, GM-CSF, IFN-b and IFN-g)
which concentrations were significantly higher in serum of patients

infected in the second wave as compared to those infected in the first

one. Interestingly, three out of these five cytokines were type I (IFN-

b), type II (IFN-g) and type III (IL-28) IFNs that are closely associated
to anti-virus immunity.

We next aimed to determine whether the intensity of cytokines/

chemokines response was associated with clinical severity. To

accomplish this goal, and as a first approach for visualization, we

generated a heatmap with the average level of each cytokine/

chemokine measured in patients serum within each infection wave,

stratified into moderate and severe (Figure 2B). As shown, general

cytokine/chemokine profiles were similar among all COVID-19

patients of our cohort, independently of clinical severity and wave

of infection. However, some differences, particularly in intensity of

the response, were identified. In this regard, patients infected in the

second wave showed a signature of cytokine/chemokine production

with an overall increased magnitude as compared to those infected in

the first wave. Furthermore, within the groups of each wave, patients

categorized as severe showed differences in the intensity of certain

cytokines and chemokines production that were particular to each

wave. Thus, during the first infection wave, IL-8 was significantly

(p<0.05) increased predominantly in patients with severe disease

versus those with moderate COVID-19 and a tendency in the same

direction was observed for IL-6, IL-10 and IFN-a2. This profile was
not observed in the cohort from the second wave that showed elevated

concentration of these four cytokines independently of disease

severity. Distinctively, a significantly reduced production of TNF

and IFN-g (p<0.05) was observed in patients with severe disease

from the second wave.

Finally, we performed a principal component analysis (PCA) of

all the analytes determined in sera from patients and controls with

moderate and severe disease within the cohorts from the first and

second waves (Figure 2C). As shown in the PCA biplots, principal

component 1 (PC1) together with principal component 2 (PC2)

explained 76.22% of the total variability among clinical groups in
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1111797
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Almada et al. 10.3389/fimmu.2023.1111797
the first wave and 82.53% in the second wave. Analysis in the clinical

groups from the first wave indicated that the signature of serum

cytokines and chemokines in both infected groups and controls

overlapped partially but also showed a segregation trend from

controls to patients with moderate disease and to patients with

severe disease. Differently, the results for the second wave cohort

showed a complete segregation of the infected groups away from
Frontiers in Immunology 05
controls that almost completely depended on PC1. Clusters of

patients with moderate and severe disease overlapped but showed

certain segregation at expense of PC2 (Figure 2C). We further focused

to the analytes that accounted for these results and determined that

the top five variables contributing to PC1 and PC2 included IL-8, IP-

10, IL-6, IFN-b and IL-29 for the first wave cohort and IL-8, IP-10, IL-
6, IFN-b and IL-10 for the second wave cohort. The biplots show the
B C

D

A

FIGURE 1

Demographic and clinical characteristic of hospitalized COVID-19 patients from the first and the second waves in Argentina. (A) Number of patients distributed by
age range during the first (red, n=62) or second waves (blue, n=56). (B) Gender distribution of patients from the first and second waves stratified according to
clinical disease severity in moderate and severe. (C) Frequency of occurrence of death (mortality) by gender of patients from the first and second waves stratified
according to clinical disease severity in moderate and severe. (D) Frequency of comorbidities in patients during the first (left upper chart) and second (left lower
chart) waves, pie charts on the right show frequency of concurrent comorbidities in patients from each wave of infection.
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vectors for each analyte indicating the direction and length (as

measure of magnitude) of the contribution.
Conserved signature of systemic cytokines
and chemokines in COVID-19 patients with
different comorbidities

With the aim of evaluating if the profile of soluble mediators

quantified in hospitalized COVID-19 patients was influenced by any

of the comorbidities most frequent in our cohort, we analyzed the

profile of cytokine/chemokine expression in particular groups of

patients segregated according to a previous diagnosis of

hypertension, diabetes, and obesity.

Hypertensive COVID-19 patients from both infection waves had

significantly higher serum concentration of IL-6, TNF, IP-10, IL-29,

IL-8, IL-12p70, IFN-a2, IFN-b, IL-10 and IFN-g in comparison with

controls (Figure 3A). Hypertensive patients from the second but not

from the first wave also showed elevated IL-1b, IL-28 and GM-CSF

versus controls. From these cytokines, IL-1b, TNF, IL-29, IFN-a2, IL-
28, GM-CSF, IFN-b, IL-10 and IFN-g exhibited increased level in
Frontiers in Immunology 06
patients with hypertension in the second outbreak in comparison to

those from the first one. Comparison of serum cytokine/chemokine

concentration in patients with or without hypertension within the

cohort from the first wave showed no significant differences with the

only exception of GM-CSF (Figure 3B). A similar analysis within the

cohort from the second wave demonstrated that hypertensive patients

presented a significant increase in the concentration of cytokines

associated to an IFNs response and Th1 profile such as IL-12p70, IL-

28, IL-29, IFN-a2 and IFN-g in comparison to non-hypertensive

patients (Figure 3C). The evaluation of mortality showed non-

significant differences reaching 23.33% of hypertensive versus

18.75% of non-hypertensive patients during the first wave and

27.78% versus 25.00% respectively in the second outbreak.

In diabetic patients infected during the first and second waves, we

observed that concentration of most of the evaluated cytokines/

chemokines were similar to those of controls, with the exception of

IP-10, IL-8 and IL-10 and of IL-8 and IL-28 that were increased in

diabetic COVID-19 patients from the first and second wave,

respectively, when compared to controls (Figure 4A). Interestingly,

in diabetic COVID-19 patients from the first wave, IL-29, IL-8 and IL-

12p70 were decreased compared to controls (Figure 4B). No
B C

A

FIGURE 2

Different intensity in the signatures of systemic cytokines and chemokines in patients recruited during the first and second waves of COVID-19. (A)
Serum concentration of 13 cytokines/chemokines quantified by LEGENDplexTM in samples from healthy controls (HC) (black, n=24) and from COVID-19
patients from the first (red, n=102) and the second wave (blue, n=66). Dots show individual measurements and black line show mean concentration of
each analyte ± SEM. Unpaired t test with Welch’s correction was used for statistical analysis. ****P < 0.0001, ***P < 0.001, **P < 0.01 and *P < 0.05; ns:
not significant. (B) Heat map depicting average concentration of serum cytokines/chemokines in HC and patients from the first and the second waves
stratified as moderate and severe according to clinical disease severity. (C) PCA biplots average cytokines/chemokines systemic concentration from HC
and patients from the first (left plot) and the second (right plot) waves stratified as moderate and severe according to clinical disease severity.
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significant differences in serum cytokine/chemokine concentration

were detected when comparing COVID-19 patients from the second

wave with or without diabetes (Figure 4C). The percentages of

mortality in patients with or without diabetes were similar, showing

non-significant differences during the first (20.00% versus 21.28,

respectively) and second wave (25.00% versus 27.08%, respectively).

When obese patients from the first and second wave were

analyzed in comparison to controls, we observed that patients from

the first wave exhibited increased concentration of TNF, IP-10, IL-29,

IL-8, IL-12p70 and IL-10 while patients from second wave presented

higher levels of almost all mediators evaluated with exception of IL-6

and IL-8 (Figure 5A). When comparing the profile of cytokines/

chemokines in obese patients from both waves, we established that

obese patients from second wave showed higher levels of TNF, IL-28

and IL-10. Remarkably, concentration of cytokines/chemokines in

serum of obese and non-obese patients from the first and the second

wave were similar; with the exception of IFN-b and IP-10, which were

significantly reduced in obese respect to non-obese patients from the

first and second waves, respectively (Figures 5B, C). The evaluation of

mortality in this group of patients showed non-significant differences,
Frontiers in Immunology 07
reaching 15.79% of obese versus 23.26% of non-obese patients during

the first wave and 16.67% versus 29.55% respectively, in the

second outbreak.
Irrelevant contribution of concurrent
comorbidities to cytokines and
chemokines concentration in serum
of COVID-19 patients

We next aimed to evaluate whether the presence of concurrent

comorbidities in our cohort of hospitalized COVID-19 patients

conditioned the production of soluble mediators. For this goal, we

performed a comparative analysis of the cytokines/chemokines

concentration in serum of hospitalized COVID-19 patients without

comorbidities or with one, two or more than two simultaneous

comorbidities in comparison to controls, using data from both

infection waves. As shown in Figures 6A–D, patients without

comorbidities exhibited higher level of IL-6, IP-10, IL-8 and IL-10

in comparison with controls. Remarkably, level of these mediators
B

C

A

FIGURE 3

Profile of systemic cytokines and chemokines in hospitalized COVID-19 patients with arterial hypertension recruited during the first and second waves.
(A) Serum concentration of cytokines/chemokines quantified in samples from HC (black, n=24) and COVID-19 patients with arterial hypertension
recruited during the first (red, n=55) and second (blue, n=29) waves. (B) Serum concentration of cytokines/chemokines determined in samples of
COVID-19 patients without (light pink, n=47) or with (dark pink, n=55) arterial hypertension of first wave. (C) Serum concentration of cytokines/
chemokines determined in samples of COVID-19 patients without (light blue, n=37) or with (dark blue, n=29) arterial hypertension of the second wave.
The scatter plots in (A-C) show individual measurements (dots) and the concentration mean of each analyte as black line ± SEM. For statistical analyses
Unpaired t test with Welch’s correction was used (****P < 0.0001, ***P < 0.001, **P < 0.01 and *P < 0.05; ns: not significant).
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were not further increased by the presence of one, two or more

concurrent comorbidities. The same profile was observed during the

first and second waves of the outbreak, indicating that the production

of cytokines and chemokines triggered by SARS-CoV-2 infection, at

least those evaluated in this study, were independent to the number of

coexisting diseases present in infected patients.

We also observed that the serum level of IFN-b and IFN-g were
significantly increased in hospitalized COVID-19 patients without

comorbidities respect to controls, and the amount of these antiviral

mediators were not affected by the presence of multiple comorbidities

for patients recruited during the second, but not the first wave

(Figures 6E, F).
IL-6, CRP and platelet counts discriminated
between death and discharge in patients
hospitalized with severe COVID-19 during
the first wave

In order to identify prognostic factors of COVID-19 outcomes,

we initially compared serum concentration of cytokines/chemokines

between patients with severe disease that were either discharged or

deceased during the two infection waves. Among all cytokines/
Frontiers in Immunology 08
chemokines with high serum concentration in the whole cohort of

COVID-19 patients, we focused on those particularly related to

inflammatory/anti-inflammatory responses (Figure 7A) and to

control of viral infection (Figure 7B). In the first set of mediators,

we determined that IL-6 and IL-8 presented higher values in deceased

versus discharged group during the first wave but not during the

second one (Figure 7A). In addition, IFN-a2 presented lower values

in deceased patients in comparison to discharged (live) patients only

during the second wave (Figure 7B). Also, a standard set of clinical

laboratory studies including CRP, neutrophils and platelet counts

were compared between both groups. The results revealed that there

were significant differences in CRP level, being higher in the deceased

group in both waves. Differently, higher neutrophils and lower

platelet counts were observed in those patients who died compared

to those who survived during the first, but not the second wave

(Supplementary Figure 1A).

Next, we attempted to test the potency of these biomarkers in

predicting mortality using ROC curve analysis. During the first wave,

the AUC of IL-6 was 82.1% (95% CI 0.67-0.97, p=0.02), and the

optimum cutoff was 97.3 pg/mL (sensitivity 75.0%, specificity 82.0%)

(Figure 7C). Of note, the AUC of IL-6 in the second wave fell to

55.5%, losing significance as mortality predictive variable (95% CI

0.48-0.62, p=0.15). Further ROC curve analyses showed that IL-8
B

C

A

FIGURE 4

Profile of systemic cytokines and chemokines in hospitalized COVID-19 patients with diabetes recruited during the first and second infection waves. (A)
Serum concentration of cytokines/chemokines quantified in samples from HC (black, n=24) and COVID-19 patients with diabetes recruited during the
first (red, n=23) and second (blue, n=8) waves (B) Serum concentration of cytokines/chemokines in samples of COVID-19 patients without (light pink,
n=81) or with (dark pink, n=21) diabetes recruited during the first wave. (C) Serum concentration of cytokines/chemokines determined in samples of
COVID-19 patients without (light blue, n=58) or with (dark blue, n=8) diabetes recruited during the second wave. The scatter plots in (A-C) show
individual measurements (dots) and the concentration mean of each analyte as black line ± SEM. For statistical analyses Unpaired t test with Welch’s
correction was used (****P < 0.0001, ***P < 0.001, **P < 0.01 and *P < 0.05; ns: not significant).
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(data not shown) and IFN-a2 (Figure 7D) did not achieve a

significant discriminative power in any of the two waves. In regard

to laboratory findings, we calculated that the AUC of CRP was 79.3%

(95% CI 0.59-1,00, p=0.005) with an optimum cutoff of 17.40 mg/dL

(sensitivity 0.57%, specificity 0.98%) during the first wave while it was

75.8% (95% CI 0.55-0.97, p=0.067) during the second wave

(Supplementary Figure 1B). In addition, the AUC of platelet count

was 71.6% (95% CI 0.50-0.93, p=0.02) with an optimum cutoff of

235,500/mL (sensitivity 81%, specificity 62%) for the first wave and

42.6% (95% CI 0.26-0.59, p=0.29) for the second. Finally, the AUC of

neutrophil count was 70.1% (95% CI 0.46-0.95, p=0.053); and 54.9%

(95% CI 0 .34-0 .76 , p=0 .37) for the firs t and second

waves, respectively.

Altogether, these findings show that some parameters such as IL-6,

IL-8, type I IFNs, CRP, neutrophil and platelet counts presented

significant differences in patients with severe COVID-19 with different

clinical outcomes (deceased versus discharged). Among them, however,

the main predictors of death by severe COVID-19 patients were IL-6,

CRP and platelet count but only during the first wave.
Frontiers in Immunology 09
Discussion

Since the beginning of SARS-CoV-2 pandemic, a large number of

studies have been carried out with the purpose of characterizing and

understanding COVID-19 pathophysiology and to provide

biomarkers for the prognosis of disease severity (6). While many

studies evaluated COVID-19 patients belonging to a single pandemic

wave, just a limited number of reports compared patient

characteristics between successive pandemic outbreaks. Few studies

that compared COVID-19 patients from two first waves mainly

focused their analysis on demographic features, predominant pre-

existing comorbidities, laboratory data and clinical manifestations

together with COVID-19 outcome. These studies were performed in

various countries and reported significant variabilities in SARS-CoV-

2 infection behavior within different waves (19, 20, 29–31). In this

scenario, our study, that compares demographic and clinical features

of COVID-19 patients from Argentina during the first two waves of

the pandemic and analyzes possible associations with the “cytokine

storm” offers added value to the field.
B

C

A

FIGURE 5

Profile of systemic cytokines and chemokines expression in in hospitalized COVID-19 patients with obesity recruited during the first and second infection
waves. (A) Serum concentration of cytokines/chemokines in samples from HC (black, n=24) and hospitalized COVID-19 patients with obesity recruited
during the first (red, n=32) and second waves (blue, n=14). (B) Serum concentration of cytokines/chemokines in samples of COVID-19 patients without
(light pink, n=70) or with (dark pink, n= 32) obesity recruited during the first wave of infection. (C) Serum concentration of cytokines/chemokines in
samples of COVID-19 patients without (light blue, n=52) or with (dark blue, n=14) obesity during the second wave. The scatter plots in (A-C) show
individual measurements (dots) and the concentration mean of each analyte as black line ± SEM. For statistical analyses Unpaired t test with Welch’s
correction was used (***P < 0.001, **P < 0.01 and *P < 0.05; ns: not significant).
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According to predominant international evidence, the first wave

of SARS-CoV-2 infection mainly affected elderly people with pre-

existing comorbidities. Differently, a significant increase in the

number of infected young adults admitted to intensive care unit

and a reduction in disease severity was observed during the second

wave, particularly in countries of Europe, North America, and Asia

(29–35). In agreement with these published data, patients evaluated in

this study were older in the first, in comparison to the second

outbreak in Argentina. Sex-disaggregated data showed that, within

our cohort of hospitalized patients, prevalence of SARS-CoV-2

infection was increased in men versus women in both waves and

that men from the first wave exhibited a higher risk of severe disease

than women. Although some studies associated female gender with a

higher risk for COVID-19 (36), our results agree with reports

published during the pandemic describing increased incidence of

COVID-19 in men as well as fatal outcomes in this gender particularly

during the first wave (37–39).

As reported in other countries, we found that the most frequent

pre-existing comorbidities during the first wave were hypertension,

obesity, and diabetes (37, 40, 41). Hypertension headed the list of

comorbidities in our cohort of patients in both waves highlighting

similarities with reports from Brazil (42) but different with other Latin
Frontiers in Immunology 10
American countries such as Mexico (43) and Peru (44) in which

obesity was the predominant comorbidity associated to COVID-19.

Somehow expected, and probably as a consequence of their reduced

overall age, patients from the second wave showed less concurrent

comorbidities than those from the first outbreak.

As described above, our evaluation about the demographic of

hospitalized patients infected in the first two COVID-19 waves in

Argentina identified differences in age, comorbidities, and clinical

outcomes. Furthermore, epidemiological data about the predominant

circulating VOC suggested that patients were infected with different

variants in each outbreak (21, 22). In these cohorts, we performed a

real-time quantification of selected cytokines and chemokines related

to viral control and inflammation. This monitoring was aimed to

assist in clinical decisions during hospitalization. As a first important

conclusion, we observed that hospitalized COVID-19 patients

exhibited an increase in systemic concentration in 12 out of 13

cytokines and chemokines evaluated. These results underlie that

beyond different demographic features of patients and the

circulating VOC, a cytokine storm was induced during both

outbreaks of SARS-CoV-2 infection. Of note, qualitative and

quantitative differences between cohorts from both waves were

detected and further analyzed.
B

C D

E F

A

FIGURE 6

Impact of the number of comorbidities in the serum levels of cytokines and chemokines in hospitalized COVID-19 patients recruited during the first and
second infection waves. (A–F) Serum concentration of IL-6 (A), IP-10 (B), IL-8 (C), IL-10 (D), IFN-b (E) and IFN-g (F) in HC and COVID-19 patients
without comorbidities (0, x symbol) and with one (1, ⚬ symbol) or two or more than two (>=2, ● symbol) concurrent comorbidities recruited during the
first (red symbols) and the second (blue symbols) waves. The scatter plots in (A-F) show individual measurements (dots) and the concentration mean of
each analyte as black line ± SEM. For statistical analyses Unpaired t test with Welch’s correction was used (****P < 0.0001, ***P < 0.001,**P < 0.01 and
*P < 0.05; ns: not significant).
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In patients from the first wave, IL-8 was the most increased

systemic chemokine, followed by IL-6 and IP-10. IL-6 and IL-8

concentration were higher in deceased than survived patients with

severe disease from the first wave. In the second wave cohort, high

concentration of these cytokines were also detected, but the levels

were similar between deceased and discharged severe patients,

showing that the first wave was mainly marked by a pro-

inflammatory response. In the second wave, TNF, IL-28, GM-CSF,

IFN-b, and IFN-g reached higher concentrations than those detected

in patients from the first wave. Remarkably, three of these cytokines

were interferons. Considering type I (IFN-b) and III (IL-28) IFNs as

relevant for viral clearance and type II IFN (IFN-g) as drives for

activation of immune cells and mediators (45), our results suggest that

patients from the second wave responded with a better protective
Frontiers in Immunology 11
antiviral response. However, deceased patients from the second wave

had lower concentration of IFN-a2 than discharged patients. As

insufficient type I IFNs immunity has been linked to life-threatening

COVID-19 pneumonia (46), treatments with type I IFNs were

proposed as COVID-19 therapy. Supporting this idea, patients

treated with IFN-a2b had reduced duration of virus in the upper

respiratory tract and IL-6 and CRP systemic concentration (47).

However, there is increasing evidence that patients with severe

COVID-19 have a robust type I IFNs response (48), which

contrasts with the delayed, possibly suppressed, response seen early

in infection. In this regard, it has been proposed that type I IFNs

might have an important role in exacerbating TNF and IL-1- driven

inflammation in progression to severe COVID-19 (48). The

contradictory results regarding type I IFNs response in COVID-19
B

C D

A

FIGURE 7

Differences in cytokine and chemokine concentration in hospitalized patients with severe COVID-19 that had different clinical outcome. (A, B) Serum
concentration of IL-6, IL-8, IL-10 and IP-10 (A) and IFN-a2 and IFN-b (B) determined in samples from HC (gray) and from discharged and deceased
severe COVID-19 patients recruited during first (red) and second (blue) waves. Scatter plots show the individual measurements (dots) and black line show
the concentration mean of each analyte. For statistical analyses Unpaired t test with Welch’s correction was used (***P < 0.001, **P < 0.01 and *P < 0.05;
ns, not significant). (C, D) ROC curve of serum IL-6 (C) and IFN-a2 (D) concentrations in deceased versus discharged severe COVID-19 patients from the
first (blue lines) and the second (red lines) waves. Values of AUC for each wave are shown with the corresponding color code.
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patients might be explained by differences in definitions of disease

severity, sampling time points, type of readout (for example, type I

IFNs itself or cellular responses to type I IFNs) and location of the

response (lung versus systemic) between studies. Altogether, these

data suggest that location, timing, and duration of IFNs exposure are

critical parameters underlying the success or failure of this kind of

therapy for COVID-19.

The rather small difference in signature of systemic cytokines and

chemokines between patients from the first and second outbreaks, as

mentioned earlier, was more evident when patients from each waves

were stratified according to clinical severity. Particular signatures

could be established, and each wave presented particular patterns of

segregation between groups as demonstrated by PCA analysis.

Discrimination was achieved at expense of IL-8, IL-6, IFN-b, IP-10
concentration, showing similarities with the profile of inflammatory

mediators described in patients from other regions (49–52). It has

been reported that IL-6, IL-8, and IL-10 are associated with systemic

inflammation and are increased in patients with COVID-19-related

ARDS (53). Besides IL-6, CRP and platelet and neutrophil counts also

allowed to discriminate between death and discharge in patients

hospitalized with severe COVID-19, but only during the first wave.

Altogether, our data demonstrate that severity and mortality during

COVID-19 was significantly linked to a pro-inflammatory response

only during the first wave.

Research about the mechanisms underlying COVID-19

immunopathology early identified IL-6 as a deleterious factor and

proposed this cytokine as one of the main therapeutic targets to be

blocked to improve patient survival and outcome. Following this

direction, two IL-6 receptor antagonists, tocilizumab and sarilumab

have been used in COVID-19 with variable outcomes (54–57). We

found that IL-6 was significantly associated with death by COVID-19

only during the first wave leading us to question the role of this

cytokine as a single biomarker associated with fatal outcomes.

Previous studies in other countries as Spain, Italy, and France

reported similar results, showing that patients of second wave had a

lower inflammatory component when compared to patients from first

wave (58–61). For example, Gelso et al. reported that patients from

the second wave in Italy presented lower level of inducible nitric oxide

synthase, IL-6 and IL-10, as compared to the corresponding group of

the first wave (60). Similar reduction in concentration of multiple

cytokines, including IL-6, in COVID-19 patients from the second

versus the first wave in Italy were also reported (62). On the contrary,

patients from second wave had greater lymphopenia and IL-6 that

those of first wave in India (63). These along with our data, suggest

that therapeutic blockade of IL-6 biological functions should not be

considered a general applicable treatment but rather a personalized

strategy. This approach could be contemplated in light of the

inflammatory profile of each patient that will be likely influenced

by demographic characteristics and the circulating VOC.

To highlight the role of cytokines in COVID-19, an important

point was to consider if those treatments, used in autoimmune

diseases, aimed at blocking cytokines action affect the susceptibility

of patients to SARS-CoV-2 or the evolution of the infection. In this

direction, it has been described that patient with plaque psoriasis

receiving biologic therapies, do not have higher adverse events or

severe complications of the SARS-CoV-2, compared with the general

population (64). Another study reported that psoriatic patients on
Frontiers in Immunology 12
biologic were at higher risk to test positive for COVID‐19 and

hospitalized, however, not increased risk of intensive care unit

admission or death were found (65). Despite of the apparent

controversy, it could be concluded that those treatments focused on

blocking the effect of cytokines do not lead to a worse evolution of

the infection.

Co-existing diseases such as cardiovascular disease, cancer,

diabetes, and others increase the likelihood of severe outcomes in

COVID-19 patients by modulating host-viral interactions and

immunity, promoting severe infection and death (66). In general,

comorbidities most frequently present in patients of our cohort have

been linked to an imbalance of effector and regulatory T cells which

may reflect a loss of T cell homeostasis (67, 68). In addition, multiple

studies have described an association between severe COVID- 19 and

an exacerbated pro-inflammatory response (69, 70). Although

cytokine release syndrome usually resolves following viral clearance,

its persistence led to tissue damage, multiple organ failure and death

in critically ill patients (71). Considering this information, we

wondered if patients with pre-existing comorbidities responded

differentially in terms of cytokine production to SARS-CoV-2

infection. Unexpectedly, we determined that the profiles of systemic

cytokine and chemokine responses in COVID-19 patients from both

waves were qualitative and quantitatively independent of the type and

number of concurrent comorbidities. These data support the

hypothesis that pre-existing diseases or risk factors are not critical

determinants of inflammatory response features induced after this

viral infection. The interpretation of our data in the context of

available literature is that an inflammatory response of a relatively

high intensity will have a more profound impact in infected patients

with pre-existing comorbidities associated to basal organ damage

than in those with a healthier background. In this regard, patients

with essential hypertension are characterized by endothelial

dysfunction and impaired nitric oxide availability secondary to

oxidative stress production (72). It has been reported that

endothelial dysfunction contributes to severe COVID-19 in

combination with dysregulated lymphocyte responses and cytokine

networks (73). Ruhl et al. (73) suggested that, besides a strong

inflammatory response, severe COVID-19 is driven by endothelial

activation and barrier disruption and proposed that recovery depends

on the regeneration of endothelial integrity. Then, preceding

endothelial dysfunction combined with the direct assault of SARS-

CoV-2 on vascular system may result in an enhanced damage as

consequence of a conventional inflammatory response and account

for the high mortality of COVID-19 patients with pre-existing

conditions (74). Although, the frequency of fatal cases was not

affected by the presence of hypertension, diabetes or obesity in our

cohorts, the fact that most of the hospitalized patients had at least one

comorbidity suggest an enhanced severity in the course of the disease.
Conclusions

In this study we reported different demographic characteristics as

well as particularities in systemic cytokines and chemokines

signatures between patients from the two initial COVID-19 waves

in Argentina. We established that type and concentration of cytokines

and chemokines were not associated with the nature and number of
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comorbidities but rather with the clinical severity and outcome of

COVID-19. We also identified immunological and biochemical

parameters associated to inflammation that served as prognostic

marker within the first but not the second wave. Altogether, our

findings provide important information not only at local level by

delineating features of the inflammatory/anti-inflammatory response

in people from Argentina but also at international level by addressing

the impact of comorbidities and the infection wave in cytokine and

chemokine production variability upon SARS-CoV-2 infection.
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Caracterıśticas clıńicas y epidemiológicas de pacientes hospitalizados por infección por
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