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ARTICLE INFO ABSTRACT

Keywords: Aim: COVID-19 pandemic has caused extensive burden on public life and health care worldwide. This study

Aged aimed to assess circulating levels of inflammatory cytokines in adult patients who were hospitalized with COVID-

Soo$;)];bi¢;ity 19 and stratified according to age (older or younger than 65 years) aiming to explore associations between these
. markers of inflammation an morbidities.
SARS-CoV-2 ers o ammation and co: dities

Methods: This was a cross-sectional study of 142 COVID-19 patients consecutively admitted to the University
Hospital of the Federal University of Sao Carlos, from July to October 2020. Sociodemographic data, chronic
comorbidities, and baseline NEWS2 and SOFA for clinical deterioration were obtained at hospital admission.
Serum levels of inflammatory cytokines were determined by flow cytometry.

Results: Older adults with COVID-19 had higher serum levels of IL-6 and IL-10 as compared to those under 65
years of age (p < 0.001 and p = 0.003, respectively). IL-10 was independently associated with age (p = 0.04) and
severity of the disease (p = 0.05), whereas serum levels of IL-6 were not directly associated with age (p = 0.5).
The comorbidity index seems to be the main responsible for this, being significantly associated with IL-6 levels
among those aged 65 and over (p = 0.007), in addition to the severity of the disease.

Conclusions: Higher serum levels of IL-6 and IL-10 are associated with the severity of the disease and a higher
comorbidity index among adults aged 65 and over with COVID-19. This should raise awareness of the importance
of comorbidity index, rather than age, during risk stratification.

1. Introduction

With more than 90 million reported cases of infection, the corona-
virus 2019 disease (COVID-19) reached pandemic status in March 2020,
and up to date, no specific antiviral treatment has been proven to be
effective against this disease.

Currently, about 20% of those infected develop a severe
inflammatory-mediated hypoxemic disease that resembles a cytokine-
storm syndrome. [1] This condition seems to occur mainly as a result
of a blunted IFN-I and IFN-III immune response, accompanied by high
levels of pro-inflammatory cytokines such as IL-1, IL-6 and TNF-alpha.
[2,3] Most cases involve men, aging between 30 and 79 years, with

one or more coexisting medical conditions such as hypertension, dia-
betes, chronic obstructive pulmonary disease, and cardiovascular dis-
eases. [3,4] Among these, poor outcomes such as acute lung injury,
acute respiratory distress syndrome (ARDS), and even death have been
observed. [2,5,6]

Such unbalanced cytokine production is also characteristic of a
chronic low-grade inflammatory state shared by both aging (inflam-
maging) and the presence of multiple comorbidities, and increased
levels of Interleukin-6 (IL-6), among other cytokines, has been described
to play a central role in this process. [7-9] Moreover, in aging patients, a
smaller pool of naive T and B cells associated with impaired innate
immunity, also have been shown to hinder the adaptive immune
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response. [9,10] Taken together, these conditions could explain why
older adults with COVID-19 are more prone to develop worse outcomes.

However, there is a lack of studies investigating the profile of cyto-
kines in adults with COVID-19, taking into account age and the role of
comorbidities in this relationship. Thus, the aims of this study were to
assess circulating levels of inflammatory cytokines in adult patients who
were hospitalized with COVID-19 and stratified according to age (older
or younger than 65 years) aiming to explore associations between these
markers of inflammation and comorbidities.

2. Methods
2.1. Study design, participants and setting

This is an ongoing single-center cross-sectional study conducted at
the University Hospital of the Federal University of Sao Carlos (HU-
USFCar). In this report, 142 adults were recruited from the COVID-19
ward of the HU-UFSCar, from July to October 2020. There were no
excluding criteria for sampling. The study was conducted according to
the guidelines from the Declaration of Helsinki and all procedures
involving human subjects were approved by the Institutional Research
Ethics Committee (Number: 30184220.8.0000.5504). Written informed
consent was obtained from all subjects.

2.2. Study assessments

Patients were assessed at admission for demographic data, chronic
comorbidities (Charlson Comorbidity Index [CCI]), National Early
Warning Score (NEWS) 2 for clinical deterioration, and Sequential
Organ Failure Assessment (SOFA). Pre-hospital frailty, assessed by
Clinical Frailty Scale (CFS), was defined as a score >5 according to this
scale. Laboratory data were also reviewed, and inflammatory cytokines
were assessed by commercial laboratory methods.

2.3. Systemic markers of inflammation

Within the first 12 h of admission, venous blood from COVID-19
positive patients was sampled to analyze systemic markers of inflam-
mation. Samples were analyzed through flow cytometry using BD Accuri
C6 (BD Biosciences, Franklin Lakes, NJ, USA), and serum cytokines (IL-
2, IL-4, IL-6, IL-10, IFN-y and TNF-a) were measured with cytometric
bead array human inflammation kit (BD™ CBA Human Th1/Th2 Cyto-
kine Kit, BD Biosciences, San Diego, CA, USA). The procedure was
conducted following the manufacturers’ instructions. Data were
analyzed using FlowJo software (FlowJo LLC, Ashland, OR, USA).

2.4. Statistical analysis

Continuous data are presented as mean =+ standard deviation or
median [1st — 3rd quartile] according to the Shapiro-Wilk test of
normality. Categorical variables are presented as counts (percentages).
Comparisons between groups were performed using Wilcoxon-Mann-
Whitney test for continuous variables, and Pearson’s Chi-squared test
with Yates’ continuity correction for categorical variables. Multivariate
linear regression models (MLRM) were used to further investigate the
relationship between the circulating levels of inflammatory cytokines
and age. Cytokines measurements were transformed (log10) in order for
variables to meet the assumptions of statistical tests. Clinical charac-
teristics and disease severity were selected for the multivariate analysis.
All analyses were conducted using R version 4.0.3 (The R Foundation for
Statistical Computing, Vienna, Austria) in R-Studio 1.3.1093 (RStudio
Inc., Boston, USA).

3. Results

Between July and October 2020, a total of 167 adults were admitted
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to hospital. Twenty-five patients were excluded from analysis due to
lack of blood sample. (Supplementary Fig. S1) Table 1 summarizes pa-
tients characteristics. There were 142 subjects aging from 22 to 99 years
(mean 60 years). About half of them were males (54.2%), with a median
Charlson Comorbidity Index of 2 (ranging from a minimum O to a
maximum 8), and a total of 36 patients (25.4%) presented high co-
morbidity (index > 5). Most of the patients were not diabetic (76.8%)
nor they had cardiovascular diseases (85.2%), nor were hypertensive
(55.6%). There was a significant difference between the two age groups
on almost all baseline variables, except for sex (p = 1.0), diabetes
mellitus (p = 0.2), time from symptom onset to hospital admission (p =
0.7), and NEWS2 score at hospital admission (p = 0.2).

Table 2 shows the cohort cytokine profile at hospital admission by
age group. IL-6 and IL-10 were significantly higher among those aged 65
and older. On the other hand, no significant difference was found in the
levels of IL-2, IL-4, IFN-y, and TNF-a between the two age groups. Fig. 1
shows the cumulative probability and distribution plots of IL-6 and IL-10
measurements in each age group. In this figure, we can observe that
about 75% of the subjects aged less than 65 years had a serum IL-6
concentration below 4 log pg/mL, whereas about 50% of those aged
65 years and older had the same concentration. Similar but less pro-
nounced results were obtained with IL-10, and accordingly, the same
was observed for IL-6 to IL-10 ratio.

Considering a possible role of comorbidity and disease severity in the
observed age-related differences of IL-6 and IL-10 serum levels, we
further analyzed this relationship using MLRM. Table 3 shows that aging
65 and older lost its significance after adjusting for comorbidity index.
Model 3 revealed that NEWS2 score at hospital admission is the only
factor independently associated with higher serum levels of IL-6. On the
other hand, Table 3 (Models 4, 5 and 6) shows that higher serum levels
of IL-10 (log pg/mL) remained independently associated with having 65
years and older, after adjusting for comorbidity index and disease
severity.

Finally, we investigated further if there was an interaction of the age
group with Charlson Comorbidity Index, adjusting it for sex and disease
severity. Table 4 shows that the interaction term between age and CCI is
statistically significant, that is, the effect of CCI on increasing serum
levels of IL-6 (log pg/mL) varies with the age group, and it is indepen-
dently and positively associated with an age of 65 years and older (p =
0.007).

Table 1
Baseline characteristics of the cohort.
Characteristic All patients <65 years (n 65+ years (n p-value
(N =142) =83) =59)
Age, years 61 [45-76] 47 79 <0.001
[38.5-57.5] [72.5-84.5]

Male sex 77 (54.2) 45 (54.2) 32 (54.2) 1.00

Comorbidities

Diabetes mellitus 33 (23.2) 16 (19.3) 17 (28.8) 0.2

Cardiovascular 21 (14.8) 6 (7.2) 15 (25.4) 0.003
diseases

Hypertension 63 (44.4) 25 (30.1) 38 (64.4) <0.001

Charlson Comorbidity 2 [0-5] 0 [0-2] 5[4 -6] <0.001
Index

Clinical Frailty Scale

Overall 3[2-5] 2 [1-2.5] 6 [4.5-8] <0.001

Frailty 47 (33.1) 3(3.6) 44 (74.6) <0.001

Time from symptom 7 [4-10] 7 [4-10] 6 [4-10.5] 0.7
onset to hospital
admission, days

NEWS?2 at hospital 3 [2-5] 3 [2-5] 3 [2-5] 0.2
admission

SOFA at hospital 2 [2-3] 2 [2-2] 3[2-3] <
admission 0.001

ICU admission 26 (18.3) 14 (16.9) 12 (20.3) 0.01

Continuous data are presented as mean =+ standard deviation or median [1st —
3rd quartile]. Categorical variables are presented as counts (percentages).
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Table 2
Cytokines levels according to the age-group.

Characteristic All patients <65 years (n 65+ years (n p-value
(N =142) = 83) =59)
Interleukin-2, pg/ 14.0 13.8 14.4 0.1
mL [13.1-14.7] [12.7-14.7] [13.6-14.7]
Interleukin-4, pg/ 19.9 19.9 20 0.4
mL [19.0-21.0] [18.8-20.9] [19.2-21.1]
Interleukin-6, pg/ 32.6 25.3 51.6 <0.001
mL [22.1-93.4] [20.5-52] [25.5-123.0]
Interleukin-10, 39.7 38.4 41.5 0.003
pg/mL [36.7-47.6] [35.8-46.6] [38.4-55]
Interferon-y, pg/ 14.9 14.8 15.1 0.3
mL [13.9-17.1] [13.6-17] [14.1-17.5]
Tumor Necrosis 13.2 13.1 13.3 0.2
Factor-o, pg/mL  [12.7-14.6] [12.6-14.2] [12.9-15]
IL-6/1IL-10 ratio 0.8 [0.6-1.6] 0.7 [0.6-1.1] 0.9 [0.6-2.2] 0.004

Continuous data are presented as median [1st — 3rd quartile].
4. Discussion

Our results show that older adults with COVID-19 have higher serum
levels of IL-6 and IL-10 as compared to those under 65 years of age.
While IL-10 is independently associated with age and severity of the
disease, serum levels of IL-6 are not directly associated with age. The
comorbidity index seems to be the main responsible for this, being
significantly associated with IL-6 levels among those aged 65 and over,
in addition to the severity of the disease.

Similar to our results, others have demonstrated not only elevated IL-
6 and IL-10 levels in some COVID-19 patients, but also that this unbal-
anced cytokine production predicts disease severity. [11] Accordingly,
in a study that analyzed the levels of 66 soluble biomarkers in 175
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Italian patients with different COVID-19 severity, Abers and colleagues
[12] showed that increased levels of IL-6 and IL-10 were independently
associated with mortality. Moreover, a recent meta-analysis of 44 arti-
cles (50 studies) encompassing 7865 patients has shown increased levels
of IL-6 and IL-10 among those with severe disease. [13] However, most
of these studies did not control for intervening factors, such as age,
disease severity and comorbidities, thus, highlighting the importance of
our results and pointing to the need to consider other aspects (such as
disease severity and comorbidity) as adjusting factors when evaluating
the risk of older people with COVID-19.

During viral diseases, including COVID-19, innate response induces
infected cells to secrete several pro-inflammatory mediators, generating
a potent inflammatory response. [14] IL-6 and IL-10 are produced at the
sites of tissue inflammation and released into the circulation by a range
of different cells, including macrophages, lymphocytes, fibroblasts, and
endothelial and epithelial cells. [11] Once produced, these cytokines
increase blood flow near the infection site and activate macrophages and
other phagocytic cells for clearance of virus, as well as infected cells.
[15]

IL-6 is a key pleiotropic mediator in several inflammatory processes
including tissue damage and infection. On the other hand, IL-10 is
known to have anti-inflammatory properties initiating innate and
adaptive immune responses and therefore limiting pro-inflammatory
responses in order to prevent tissue damage. [16] Therefore,
throughout the acute course of an infection, IL-10 inhibits the activity of
T cells, NK cells and macrophages that, despite necessary for viral
elimination, are also key factors inducing tissue damage. Hence, while
limiting collateral tissue damage, IL-10 may also prevent successful viral
elimination. [17] Thus, the balance between the serum levels of IL-6 and
IL-10 cytokines may be a useful tool to predict disease severity and
further studies should address this feature. [18]
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Fig. 1. Cumulative probability and the violin plot of the distribution of (A) IL-6 (log pg/mL) and (B) IL-10 (log pg/mL) measurements according to the age group.
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Table 3
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Linear regression models for the association of clinical characteristics and disease severity with serum levels of IL-6 (log pg/mL) and IL-10 (log pg/mL).

Dependent variable: IL-6 (log pg/mL)

Independent variables Model 1 Model 2 Model 3
Standardized p Coefficient (95% CI) p Standardized p Coefficient (95% CI) P Standardized p Coefficient (95% CI) p
Age
<65 years Reference - Reference - Reference -
65+ years 0.5 (0.17-0.83) 0.003 0.16 (—0.33-0.65) 0.5 0.14 (—0.34 to 0.61) 0.5
Male sex 0.16 (—0.16 to 0.49) 0.3 0.17 (—0.15 to 0.49) 0.2 0.11 (—0.20 to 0.43) 0.4
Charlson Comorbidity Index - - 0.09 (—0.01 to 0.19) 0.06  0.08 (—0.02 to 0.19) 0.1
NEWS?2 at hospital - - - - 0.12 (0.04-0.21) 0.005
admission
SOFA at hospital admission - - - - 0.02 (—0.21 to 0.24) 0.8
Dependent variable: IL-10 (log pg/mL)
Independent variables Model 4 Model 5 Model 6
Standardized f Coefficient (95% P Standardized p Coefficient (95% P Standardized § Coefficient (95% P
CI) (¢)] CI)
Age
<65 years Reference - Reference - Reference -
65+ years 0.40 (0.07-0.73) 0.02 0.53 (0.03-1.02) 0.04  0.51 (0.02-1.01) 0.04
Male sex 0.21 (-0.12 to 0.54) 0.2 0.21 (—0.12 to 0.53) 0.2 0.17 (-0.16 to 0.5) 0.3
Charlson Comorbidity Index - - —0.03 (—0.14 to 0.07) 0.5 —0.04 (—0.15 to 0.07) 0.4
NEWS?2 at hospital - - - - 0.09 (0.001-0.17) 0.05
admission
SOFA at hospital admission - - - - —0.001 (—0.23 to 0.23) 0.9

95% CI, 95% Confidence Interval.

Table 4

Linear regression models for the association of the interaction term between age

and CCI with serum levels of IL-6 (log pg/mL).

Dependent variable: IL-6 (log pg/mL)

Independent Model 7 Model 8
variables Standardized p p Standardized p p
Coefficient (95% Coefficient (95%
CD CI)
Age
<65 years: 0.12 (—0.01 to 0.06 0.10 (—0.02 to 0.1
Comorbidity 0.24) 0.18)
Index
65+ years: 0.12 (0.05-0.19) <0.001  0.11 (0.03-0.18) 0.007
Comorbidity
Index
Male sex 0.17(-0.71t0 0.5) 0.2 0.12(-0.2t00.43) 0.4
NEWS2 at - - 0.12 (0.04-0.21) 0.005
hospital
admission
SOFA at hospital - - 0.02 (—0.21 to 0.8
admission 0.24)

95% CI, 95% Confidence Interval.

Yet, understanding the pathways that regulate the synthesis and
production of IL-6 may be the key to understand how this cytokine
participates in the severity of diseases. Although in this study the
participation of TNF-a in the production of IL-6 was not verified, we
suggest that other independent pathways may be involved in this
regulation and that IL-10 may play a key role in this process. Accord-
ingly, it has recently been suggested that that early induction of IL-10
upon SARS-CoV-2 infection might indeed represent a negative feed-
back mechanism that serves as a counter measure to inflammation
caused by other proinflammatory mediators. [18] As endogenous IL-10
production increases, it might function as a proinflammatory agent that
stimulates the production of other mediators of the cytokine storm. The
initial evidence is limited, and further studies are warranted to confirm
the role IL-10 in COVID-19.

Our study reaffirmed the importance of considering comorbidity in
the context of age-related disease severity among those with COVID-19.
These findings are not new; the role of several comorbidities in aggra-
vating COVID-19 have been demonstrated in several studies. [19-22]

Even though, our results do shed some fresh light on the concept as a
whole by showing their independent association only among those with
65 years and older.

One limitation of this study is its cross-sectional design, which does
not provide the evidence of a temporal relationship between the vari-
ables and each outcome studied. However, bias owing to variations
between independent and dependent variables within the same indi-
vidual was reduced. Moreover, the limited sample size and use of
different pre-hospital medications, which are common in this popula-
tion, may represent relevant confounding factors in our study. Despite
those, our results provide evidence on the relationship of inflammatory
cytokines with age, highlighting the influence of covariates on it.

Taken together, our results reinforce the importance of the close
monitoring of cytokine levels, with special focus on IL-6 and IL-10,
which might provide valuable information on the COVID-19 severity
and changes during the treatment process.

5. Conclusions

Older adults with COVID-19 have higher serum levels of IL-6 and IL-
10 as compared to those under 65 years of age. This difference is asso-
ciated with the severity of the disease and a higher comorbidity index
among those aged 65 and over. This should raise awareness of the
importance of comorbidity index, rather than age, during risk
stratification.
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