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COVID-19 is an infectious disease caused by the SARS-CoV-2 virus, which

induces a high release of pro-inflammatory chemokines and cytokines, leading

to severe systemic disorders. Further, evidence has shown that recovered

COVID-19 patients still have some symptoms and disorders from COVID-19.

Physical exercise can have many health benefits. It is known to be a potent

regulator of the immune system, which includes frequency, intensity, duration,

and supervised by a professional. Given the confinement and social isolation or

hospitalization of COVID-19 patients, the population became sedentary or

opted for physical exercise at home, assuming the guarantee of the beneficial

effects of physical exercise and reducing exposure to SARS-CoV-2. This study

aimed to investigate the effects of a supervised exercise protocol and a home-

based unsupervised exercise protocol on chemokine and cytokine serum levels

in recovered COVID-19 patients. This study was a prospective, parallel, two-

arm clinical trial. Twenty-four patients who had moderate to severe COVID-19

concluded the intervention protocols of this study. Participants were submitted

to either supervised exercise protocol at the Clinical Hospital of the Federal

University of Pernambuco or home-based unsupervised exercise for 12 weeks.

We analyzed serum levels of chemokines (CXCL8/IL-8, CCL5/RANTES, CXCL9/

MIG, CCL2/MCP-1, and CXCL10/IP-10) and cytokines (IL-2, IL-4, IL-6, IL-10, IL-

17A, TNF-a, and IFN-g). Before the interventions, no significant differences

were observed in the serum levels of chemokines and cytokines between the

supervised and home-based unsupervised exercise groups. The CXCL8/IL-8

(p = 0.04), CCL2/MCP-1 (p = 0.03), and IFN-g (p = 0.004) levels decreased after

12 weeks of supervised exercise. In parallel, an increase in IL-2 (p = 0.02), IL-6

(p = 0.03), IL-4 (p = 0.006), and IL-10 (p = 0.04) was observed after the
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supervised protocol compared to pre-intervention levels. No significant

differences in all the chemokines and cytokines were found after 12 weeks of

the home-based unsupervised exercise protocol. Given the results, the present

study observed that supervised exercise was able to modulate the immune

response in individuals with post-COVID-19, suggesting that supervised

exercise can mitigate the inflammatory process associated with COVID-19

and its disorders.

Clinical trial registration: https://ensaiosclinicos.gov.br/rg/RBR-7z3kxjk,

identifier U1111-1272-4730.
KEYWORDS
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Introduction

Coronavirus disease 2019 (COVID-19) is a severe acute

respiratory syndrome caused by the SARS-CoV-2 virus, spread

worldwide and has persisted due to emerging variants (1). The

main symptoms are fever, cough, tiredness, headache, chronic

inflammation, diarrhea, loss of taste or smell, and skin irritation

or discoloration of the fingers or toes (2). In the most severe

form, the patients have respiratory difficulty, chest pain, motor

capacity loss, hematological diseases, chronic obstructive

pu lmonary d i s ea s e , chron i c k idney d i s ea se , and

immunosuppression (3). In addition, recent clinical trials have

noticed that recovered COVID-19 patients still have some

symptoms and disorders from COVID-19, such as fatigue (4),

breathlessness, functional lung abnormalities (5), myocardial

injury (6), abnormal inflammatory indicators (7) in different

recovery stages. It indicates that continuous awareness of

recovery patients should be done to assist in effective

rehabilitation since the COVID-19 sequelae have been an

international concern of public health.

SARS-CoV-2 acute infection is followed by overproduction

and secretion of inflammatory cytokines, such as Interleukin

(IL)-1beta, IL-2, IL-2R, IL-6, tumor necrosis factor (TNF) alpha,

interferon-g (IFN-g), but also high levels of some anti-

inflammatory cytokines as IL-4 and IL-10 (8). Meanwhile,

monocytes, macrophages, and cells of the adaptive immune

system, such as CD8 T and CD4 T cells, are mobilized to the

respiratory tract and contribute to the secretion of IFN-g,
promoting additional inflammation and establishment of

continued pro-inflammatory response (9). The inflammatory

alterations are called “cytokine release syndrome” (CRS) and are

associated with different clinical characteristics of COVID-19.

Also, they have been correlated with the progression of the acute

phase of the SARS-CoV-2 infection (9, 10). Finally, the high
02
peripheral levels of IL-6 and IL-10 have been highlighted as a

predictor of COVID-19 severity (11). That scenario must

culminate in acute respiratory distress syndrome, multiple

organ failure, and mortality from COVID-19 (12). In the more

advanced stage of the disease, the immune response is impaired

partly due to the NK, and CD8 T cells depletion, resulting in a

consequent decrease in the secretion of IFN-g, IL-2, and

granzyme B from NK and CD8 T cells (13, 14).

Additionally, studies have shown that SARS-CoV-2

infection promotes a hyperinflammatory state within the

lungs, building up to high systemic concentrations of several

chemokines, and inflammatory lipid mediators (9, 15). Zaid et al.

(2021) found an overproduction of 11 chemokines, mainly with

CXCL1 and CXCL8 being 200-fold more abundant than IL-6

and TNF-a in the Bronchoalveolar lavage fluid of patients with

severe COVID-19 (16). The expression of hypoxia-inducible

factor 1a and its inflammation-related transcription targets,

including CXCL8, CXCR1, CXCR2, and CXCR4 was observed

in bronchoalveolar cells (17). Different studies have found high

serum levels of the chemokines CXCL8/IL-8, IP-10, GM-CSF,

CCL2/MCP-1, CCL3/MIP-1a, CXCL10/IP-10, CCL5/RANTES,
and CCL20/MIP-3a, in patients with moderate and severe forms

of the COVID-19 (15, 18). It is shown the chemokine CCL4/

MIP1-b is upregulated in the pulmonary SARS-CoV-2 infection

(19). Moreover, the increased serum concentrations of CXCL10/

IP-10 were associated with mortality (18). Therefore, these

chemokines have been identified as potential biomarkers of

COVID-19 infection severity.

Ending the acute phase of SARS-Cov-2 infection, most

people discharged from the hospital have experienced some

COVID-19 chronic marks, such as respiratory sequelae,

fatigue, elevated rates of multi-organ dysfunction, and poor

exercise tolerance (20). This scenario might be explained since

studies have reported high levels of pro-inflammatory cytokines
frontiersin.org
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in discharged patients (21, 22). Zhang etal. (23) observed TNF-a
remains elevated in moderate to severe COVID-19, while

peripheral levels of IL-6 returned to comparable healthy levels

(24). Willems et al. (2021) noted that people three months

discharged from the hospital had high levels of pro-

inflammatory cytokines, such as IL-6, IL-1ra, and IL-18 (25).

Peluso et al. (2022) have noticed 45% of COVID-19 patients who

recovered from 6-8 months still have high significative levels of

IL-6 (26). However, the remaining pro-inflammatory

environment has yet to be seen in all studies investigating

recovered COVID-19 patients. For example, Zhou et al. (2020)

have investigated the impacts of COVID-19 on recovered

patients’ cognitive and immune functions. They did not

observe any chronic effect in the plasma levels of interleukins

IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-g, and PCR (27). Moreover,

only a few clinical trials have investigated the impact of COVID-

19 on chemokines peripheral levels after recovery. Gacci et al.

(2021) have found pathological levels of IL-8 in the semen of

76.7% of investigated patients, which was associated with

COVID-19 severity (28). While Manganotti et al. (2021) have

noticed higher IL-8 levels in the serum of people who were four

months recovered, which might be associated with peripheral

nervous system disorder (29). Although great strong evidence is

scarce, studies have strengthened the hypothesis that long-term

inflammation is even years after recovery from COVID-19 (30).

Compelling evidence has pointed to exercise as a non-

pharmacological therapeutic strategy to mitigate the

consequences of COVID-19, including in the different stages

of its recovery (31, 32). Many studies have shown that physical

exercise stimulates the production and release of several

myokines, which are associated with several benefits in various

tissues, organs, and systems, including the immune system (33–

35). These studies investigated physical exercise as a controlled

exercise protocol with frequency, intensity, and duration,

performed in an environment with infrastructures such as

gyms and training centers. Muscle contraction induced by

physical exercise produces and releases myokines, including

IL-6 (36–38). In addition, the increase in serum IL-6 levels

due to exercise is followed by increased anti-inflammatory

cytokines such as IL-10 and IL-1ra (39). Then regular physical

exercise might reduce the risk of a pathogenic inflammatory

response such as the CRS, decreasing one’s risk of getting the

severe form of COVID-19 (40). The controlled exercise protocol

effectively modulates other important pathways of the

inflammatory process present in this disease, which remain

remnants of it, such as increased levels of chemokines. Bartlett

et al. (2018) observed that supervised exercise was effective in

promoting neutrophil migration through CXCL8/IL-8 (p=0.003)

in patients with rheumatoid arthritis (41). Also, Middelbeek

et al. (2021) showed that controlled moderate-intensity training

increased MCP-1 concentrations in sedentary individuals (42).

During the high peaks of the pandemic, it was necessary to

carry out confinement and social isolation. Social isolation
Frontiers in Immunology 03
proved to be, in fact, a barrier to the regular practice of

physical activity by the population. After the confinement, the

usual activities were not resumed, especially for people

discharged from the COVID-19 pandemic. In this sense,

home-based exercise was a viable alternative to promote the

already evidenced benefits of physical exercise and avoid the

damage of the sedentary lifestyle associated with COVID-19

(43). It is known that home-based exercise is an unsupervised,

self-selected moderate-intensity exercise done at home based on

an exercise booklet, videos, or apps. Evidence has elucidated the

beneficial effect of home-based physical exercise, promoting

greater adherence, increased physical and mental fitness, and

improved fatigue, among others (43). Moreover, a few studies

showed the effect of home-based exercise on the immune system

of patients with various chronic diseases (44–46). Schwartz et al.

(2021) showed an augment in the concentration of CD4+ and

CD8+ T-cells producing IFN-g due to 12 weeks of home-based

exercise and nutritional advice in obese endometrial cancer

survivors. These findings were associated with cardiovascular

benefits (46). Also, Lee et al. (2013) have observed that 12 weeks

of home-based uncontrolled exercise reduced TNF-a peripheral

levels of colorectal cancer survivors (47). Although there is little

evidence, it would appear logical to achieve the anti-

inflammatory effects of supervised exercise that has already

been applied to a large number of other chronic conditions

with a home-based exercise protocol.

In this context, it is known that home-based exercise has

been investigated in some chronic and inflammatory pulmonary

diseases, including the COVID-19 scenario (48–50). Moreover,

it was the physical exercise strategy most of the population chose

when they faced the need for social isolation. Although there is

good evidence about home-based exercise, several supervised

physical exercise studies have widely supported physical

exercise’s protective and curative effects in extensive contexts,

including on the recovery from COVID-19 (32). Nevertheless,

few studies evaluate the effect of supervision on a physical

exercise strategy, and the implications on immune system-

related outcomes, such as chemokines and cytokines in

COVID-19 recovery. Since the coronavirus derivatives

continue to spread globally, developing an effective therapy for

its disorders may be necessary. Therefore, this study aims to

investigate the effects of supervised exercise and home-based

unsupervised exercise on chemokines and cytokines

concentrations in the blood of recovered COVID-19 patients.
Methods

Trial design

This study was a prospective, two-arm, parallel, clinical trial.

The groups were submitted to supervised exercise or home-

based unsupervised exercise protocols. The study procedures
frontiersin.org
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were approved by the Research Ethics Board of The Federal

University of Pernambuco (#4.492.660). This trial was pre-

registered at The Brazilian Clinical Trials Registry (https://

ensaiosclinicos.gov.br/rg/RBR-7z3kxjk).
Participants

Fifty-four adults (between 18 to 60 years old) with moderate

to severe COVID-19 were eligible to participate (Figure 1). All

participants have taken the COVID-19 vaccine. Inclusion

criteria were: (1) patients with 3 months of medical release

from outpatient clinics and (2) who currently live in the

metropolitan region of Recife, Pernambuco. Exclusion criteria

included (1) patients who have limitations to performing the

intervention protocols, (2) individuals who did not reach the

cutoff points on the Mini-Mental State Examination (MMSE),

and (3) who were hospitalized in the last 12 months before

COVID-19 infection, and (4) individuals with decompensated

heart failure and chronic obstructive pulmonary disease. A

convenience sample size was used due to the emergency

scenario of the COVID-19 pandemic.
Study interventions

The supervised training protocol in the Clinical Hospital of

the Federal University of Pernambuco was carried out in 12

weeks, totaling 36 sessions, and was performed three times a week

on non-consecutive days. It was performed in a circuit form and

used the following exercises: bench press, leg extension, low row,

machine development, barbell curl, high articulated pull-up,
Frontiers in Immunology 04
triceps forehead, and abdominal, which were performed in the

order described. A 40 seconds execution was performed in each

exercise with an interval of 20 seconds between them,

representing the time of equipment change, and sixty seconds

of resting period after each round. Four rounds were performed

in each training session, the first lap being performed with a light

load to warm up. The machine exercise intensity was 60% of the

maximum repetition value and 45 minutes duration (51, 52).

The home-based unsupervised group participated in the

physical exercise at home, guided by a booklet, a reduced

version of the Manual “Gymnastics to do at home” (53). for

also 12 weeks, three times sessions/week on non-consecutive

days. It was performed 10 min a warm-up followed by a circuit,

and flexibility exercises of cool down. The muscular resistance

home-based protocol was based on body weight for all muscle

groups, three sets in each exercise, 8-10 repetitions, and sixty

seconds of resting period between each set. It was chosen based

on this reference as it had already been tried with individuals

treated in public health services who had noncommunicable

diseases (53). This is already evaluated material that proved

viable and brought benefits to the target audience. Participants

received the booklet and some instructions the week following

the initial assessment. In addition, the participants of the home-

based unsupervised group were followed by weekly telephone

calls to monitor adherence to this exercise protocol.
Measures

Analysis of chemokines and cytokines
Blood samples were collected in Vacutainer® tubes without

anticoagulant for the serum, five milliliters of blood were
FIGURE 1

CONSORT flow diagram.
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obtained per tube, and centrifuged at 1500 RPM for 10 min at 4°

C. Two tubes were collected in the pre-stages and two in each

post-intervention stage. The samples were used for the analysis

of the chemokines CXCL8/IL-8, CCL5/RANTES, CXCL9/MIG,

CCL2/MCP-1, and CXCL10/IP-10 and cytokines: IL-2, IL-4, IL-

6, IL-10, TNF-a, IFN-g, and IL-17-A, using chemokine and Th1/

Th2/Th17 Cytometric Bead Array-CBA kits, respectively (BD

Pharmingen). The reading of CBA was done by flow cytometer

(BD Accuri™ C6). The analysis will be performed using the

FCAP Array software (CA).
Statistical analysis

Exploratory analysis and data adjustments were made to

avoid data heterogeneity and the variability was performed in

association with the normality test of the Shapiro-Wilk (n<50

participants). The group differences in baseline were assessed by

the T-test. In addition, we conducted the Kruskal–Wallis test

with multiple comparisons and the Dunn post-test, comparing

the means of the different groups. Once age difference was

observed, we applied a one-way analysis of covariance

(ANCOVA) with age baseline values being a covariate. The

significance value was set up at p<0.05 (5%). The prism V.9
Frontiers in Immunology 05
GraphPad was used (GraphPad Software Inc, La Jolla, CA,

USA). Furthermore, we utilized the Statistical Package for the

Social Sciences (SPSS for Mac, version 20) to apply the

ANCOVA test.
Results

Initially, sixty-one individuals were contacted, and, based on

the eligibility criteria, fifty-four adults aged 26-53 years were

enrolled. Fifty-four individuals met all the eligibility criteria and

participated in the twelve weeks of the training protocol.

Thirteen participants withdrew from that study during the

intervention period, since they did not conclude 36 sessions.

At the end of the intervention, the samples of twenty-four

participants were analyzed due to incomplete paired data

(Figure 1). The group of participants who did supervise

exercise protocol was named the gym group, also the group

who did home-based unsupervised exercise protocol was named

the home group. In the initial comparison, there were no

significant differences between the gym and home groups in

body mass, height, BMI, chemokines, and cytokine serum levels.

These physical characteristics of the participants at the pre-

intervention moment are shown in Table 1.
TABLE 1 Baseline characteristics of patients in both groups.

Items
Home Gym

P
Mean ± SD Mean ± SD

Age (years) 42.86 ± 10.81 57.30 ± 7.46 .00*

Body mass (kg) 84.72 ± 20.33 87.39 ± 15.30 0.73

Height (cm) 164.20 ± 11.50 164.10 ± 9.84 0.97

BMI (kg/m2) 31.84 ± 8.80 31.11 ± 4.79 0.98

IL-8 (pg/mL) 364.60 ± 273.70 367.10 ± 267.60 0.98

CXCL10 (pg/mL) 7966.00 ± 9788.00 2464.00 ± 2928.00 0.06

CCL5 (pg/mL) 110218.00 ± 10393.00 110835.00 ± 16256.00 0.91

CXCL9 (pg/mL) 2512.00 ± 2664.00 1169.00 ± 2504.00 0.22

CCL2 (pg/mL) 1300.00 ± 770.70 772.50 ± 437.00 0.10

IL-2 (pg/mL) 37.26 ± 4.05 39.81 ± 13.56 0.57

IL-4 (pg/mL) 106.50 ± 8.04 107.20 ± 13.80 0.90

IL-6 (pg/mL) 135.70 ± 38.10 239.10 ± 261.90 0.23

IL-10 (pg/mL) 76.80 ± 2.65 87.10 ± 17.80 0.08

TNF-a (pg/mL) 138.30 ± 24.80 166.80 ± 100.90 0.39

IFN-g (pg/mL) 43.60 ± 15.70 38.70 ± 6.50 0.30

IL-17A (pg/mL) 275.40 ± 428.30 161.50 ± 224.40 0.40

SD, standard deviation; P, probability; kg, kilogra; BMI, Body Mass Index; IL, Interleukin; CXCL, chemokine (C-X-C motif) ligand; CCL, CC chemokine family; TNF, Tumor necrosis
factor; IFN-g, Interferon-gamma; and *, significant.
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After the intervention, no changes were observed in the

levels of chemokines in the home-based unsupervised exercise

group compared to pre-intervention levels. However, serum

levels of CXCL8/IL-8 (p = 0.04) and CCL-2/MCP-1 (p = 0.03)

were decreased after supervised exercise in the gym group after

twelve weeks (Figure 2). The IL-8 serum levels ranged in the gym

as compared to the home group (D= -97.72 ± 205.9 pg/mL vs D=
-154.8 ± 314.9 pg/mL). Moreover, CCL-2 also ranged in

relationship to the home-based unsupervised group (D =

-345.0 ± 357.5 pg/mL vs. D = -196.4 ± 749.5) (Supplementary

Figure 1). There were no changes in serum levels of other

chemokines (CCL-5, CXCL-9, and CXCL-10) in the gym or

the home groups (Figure 2). In this sense, CCL-5 serum levels

did not change significantly in both groups (D = 2229 ± 12895

pg/mL vs. D = -15217 ± 29922 pg/mL). Also, CXCL-9 did not

range significantly between the gym and home groups (D = 165.0

± 347.3 pg/mL vs. D = -383.8 ± 3078.0 pg/mL). Despite that,

CXCL-10 did vary according to both exercise protocols (D =

254.7 ± 3465.0 pg/mL vs. D = -4195.0 ± 7743.0 pg/mL, p = 0.04)

(Supplementary Figure 1).

The cytokines IL-2 (p = 0.02) and IL-6 (p = 0.03) increased

in individuals who performed 12 weeks of supervised physical
Frontiers in Immunology 06
exercise as compared to the baseline (Figure 3). The serum

levels of IL-2 did range significantly when they were juxtaposed

with the home-based unsupervised exercise (D = 12.18 ± 22.36

pg/mL vs D = -2.16 ± 4.34 pg/mL). Also, IL-6 peripheral levels

ranged when the gym group was compared to the home group

(D = 67.0 ± 195.1 pg/mL vs D = -17.18 ± 24.36 pg/mL)

(Supplementary Figure 2). In parallel, the serum levels of

IFN-g (p = 0.004) decreased after supervised exercise in the

gym group as compared to the baseline (Figure 3). When it was

juxtaposed with the home group, they changed (D = -3.42 ±

7.46 pg/mL vs D = -8.06 ± 16.45 pg/mL) (Supplementary

Figure 2). Despite that, there were no changes in TNF-a and

IL-17A serum levels due to the supervised exercise protocol

(Figure 3). Hence, TNF-a serum levels did not change

significantly in both groups (D = -1.2 ± 6.14 pg/mL vs. D =

0.26 ± 2.30 pg/mL) (Supplementary Figure 2). Nonetheless, the

difference in baseline age values between the groups

significantly affected the variation in TNF-a serum levels in

the gym group (p = 0.00) (Supplementary Table 1). Also, IL-

17A did range significantly between the gym and home groups

(D = 456.2 ± 748.7 pg/mL vs. D = -182.6 ± 427.2 pg/mL, p =

0.01) (Supplementary Figure 2).
B

C

D E

A

FIGURE 2

Chemokines levels in Supervised and home-based unsupervised exercise on recovered COVID-19 patients. ANOVA between Supervised and
home-based unsupervised exercise on the chemokines from baseline to 12 weeks of intervention (Pre- and Post-intervention). Home, the
home-based unsupervised exercise group; Gym, supervised exercise group; Serum levels; (A) IL-8: Interleukin- 8 (home (pre), n= 8, home
(post), n= 8; gym (pre), n= 13, gym (post), n= 11; p = 0.04); (B) CCL5: CC chemokine family-5 (home (pre), n= 10, home (post), n= 8; gym (pre),
n=11, gym (post), n=11; p = n.s.); (C) CXCL10, chemokine (C-X-C motif) ligand-10 (home (pre), n= 8, home (post), n= 7; gym (pre), n= 10, gym
(post), n=11; p = n.s.); (D) CXCL9, chemokine (C-X-C motif) ligand-9 (home (pre), n= 8, home (post), n= 8; gym (pre), n= 11, gym (post), n= 13;
p = n.s.); (E) CCL2, CC chemokine family-2 (home (pre), n= 10, home (post), n= 10; gym (pre), n= 13, gym (post), n= 12; p = 0.03); pg/mL,
picogram per milliliter; *p< 0.05.
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We observed a statistically significant increase in the anti-

inflammatory cytokines IL-4 (p = 0.006) and IL-10 (p = 0.04)

serum levels in supervised exercise protocol compared to

baseline (Figure 4). Furthermore, the IL-4 serum levels ranged

non-significantly when the gym group was compared to the

home group (D = 3.90 ± 21.37 pg/mL vs. D = -0.16 ± 3.26 pg/

mL). The levels of IL-10 also did not change significantly in the

gym group as compared to the home-based unsupervised group

(D = 2.34 ± 31.08 pg/mL vs. D = -0.26 ± 6.49 pg/mL)

(Supplementary Figure 3. On the other hand, we did not find

a difference in the TNF-a: IL-10 ratio (p > 0.999) (Figure 4).

Equally, we did not perceive changes in cytokine serum levels

due to the home-based exercise after 12 weeks. Chemokine-

cytokine-group comparisons are shown in Figures 2–4.
Discussion

This study intended to investigate the effect of performing a

supervised physical exercise (gym) on the serum levels of

chemokines and cytokines compared to home-based
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unsupervised exercise, a strategy largely adopted in the

COVID-19 pandemic due to the necessity of social isolation.

Thus, our study provides the first evidence that demonstrates

that supervised exercise could be required to mitigate the

inflammatory effects in patients after COVID-19 recovery

since this study has observed the modulation of serum levels

of chemokines and cytokines by supervised exercise protocol.

Literature data show that during COVID-19 infection there

is an increase in CCL-2/MCP-1 and CXCL8/IL-8 serum levels in

response to cell recruitment, infiltration, and lung injury (54).

Cytokines associated with lung injuries, such as IL-1 and TNF-a
could induce the production of several chemokines, such as

CCL2, CCL3, CCL5, and CXCL8, culminating in a cytokine-to-

chemokine-to-cytokine signaling cascade through inflammatory

response to the viral infection (55). Anderberg et al. (2021) have

shown that IL-8 was responsible for neutrophil recruitment,

activation, and storage, related to acute kidney injury as a

consequence of severe COVID-19 (56). Studies have also

shown high levels of IL-8 in different stages of COVID-19

recovery, associated with the inflammatory profile and

peripheral neuronal disorders (28, 29). Further, we must
B

C

D E

A

FIGURE 3

Pro-inflammatory cytokine levels in Supervised and home-based unsupervised exercise on recovered COVID-19 patients. ANOVA between
Supervised and home-based unsupervised exercise on the pro-inflammatory cytokines from baseline to 12 weeks of intervention (Pre- and
Post-intervention). Home, the home-based unsupervised exercise group; Gym, supervised exercise group; Serum levels; (A) IL-2: Interleukin-2
(home (pre), n= 9, home (post), n= 10; gym (pre), n= 13, gym (post), n= 12; p = 0.02); (B) IL-6: Interleukin-6 (home (pre), n= 9, home (post),
n=8; gym (pre), n=10, gym (post), n=10; p = 0.03); (C) TNF-a: Tumor necrosis factor-alpha (home (pre), n= 9, home (post), n= 9; gym (pre), n=
12, gym (post), n= 14; p = n.s); (D) IFN-g: Interferon-gamma (home (pre), n= 8, home (post), n= 9; gym (pre), n=11, gym (post), n=12; p =
0.004); (E) IL-17A, Interleukin-17A (home (pre), n= 8, home (post), n= 9; gym (pre), n= 12, gym (post), n= 8; p = n.s.); pg/mL, picogram per
milliliter; *p<0.05 and **p≤0.01.
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highlight that CCL-2 is associated with macrophage recruitment.

Hence, symptomatic (mild and severe forms) COVID-19

patients have high levels of CCL-2, together with patients

dying from SARS-CoV-2 acute infection (57, 58). In this sense,

Huang, C. et al. (2020) have observed that patients hospitalized

due to their severe COVID-19 have high levels of CCL2/MCP-1

and CCL3 serum. These chemokines have been important

biomarkers of severe disease, morbidity, and mortality (1). In

this regard, it has been discussed that high production of some

chemokines, such as CXCL8/IL-8, CCL-2/MCP-1, CCL3, CCL5,

CXCL9, and CXCL10 are associated with lung damage and

COVID-19 severity (59). However, the impact of high levels of

most of these chemokines in the stages of COVID-19 recovery

is unclear.

This is the first study that investigates the impact of

supervised physical exercise and home-based unsupervised

exercise addressing chemokines and cytokines in COVID-19

recovery. We observed a reduction of CCL-2/MCP-1 and

CXCL8/IL-8 peripheral levels after 12 weeks of supervised

exercise in patients post-COVID-19. Also, we have noted that

while the CCL2 serum levels decreased in the supervised physical

exercise group, they remained at altered levels in-home group

despite six months of recovery (three first months before the

intervention and 12 weeks of home-based unsupervised

intervention). A study by Liu et al. (2020), investigating four
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weeks of two supervised exercise protocols (aerobic and strength

training) in the elderly with dementia, has noted a decrease in

CCL-2/MCP-1 serum levels in both supervised exercise

protocols (60). In parallel, evidence about the IL-8 decrement

was not conclusive in the chronic obstructive pulmonary disease

(COPD) investigation, a chronic inflammatory lung disease,

when it was attended due to supervised exercise (61), and also

in home-based protocols for eight weeks of intervention (62, 63).

One explanation for the divergent results may be the

intervention time in both studies since we performed a 12-

week protocol and Uzeloto et al. (2022) investigated eight weeks

of supervised exercise protocols (61). Other studies evaluating a

time course of physical exercise could better explain the kinetics

of levels of these chemokines. In COVID-19, a significant

reduction of the inflammatory process related to CCL-2/MCP-

1 and CXCL8/IL-8 activity might be associated with the exercise

protocol with controlled intensity and duration. For example,

Cox et al. (2007) have observed that upper-respiratory disease-

prone athletes have lower serum resting IL-8, IL-10 e IL-1ra

concentrations, culminating in impaired inflammatory

regulation (64).

To date, no published clinical trials have also investigated the

effect of exercise protocols on cytokines in patients after

COVID-19 recovery. This trial noticed that supervised exercise

promoted a balance between pro-inflammatory and anti-
B

C

A

FIGURE 4

Anti-inflammatory cytokine levels in Supervised and home-based unsupervised exercise on recovered COVID-19 patients. ANOVA between
Supervised and home-based unsupervised exercise on the anti-inflammatory cytokines and TNF-a/IL-10 ratio from baseline to 12 weeks of
intervention (Pre- and Post-intervention). Home, the home-based unsupervised exercise group; Gym, supervised exercise group; Serum levels;
(A) IL-4, Interleukin-4 (home (pre), n= 8, home (post), n= 12; gym (pre), n= 9, gym (post), n=11; p = 0.006); (B) IL-10: Interleukin-10 (home (pre),
n= 10, home (post), n= 10; gym (pre), n= 10, gym (post), n=11; p = 0.04); (C) TNF-a/IL-10 ratio: (home (pre), n= 9, home (post), n= 9; gym (pre),
n= 12, gym (post), n= 13; p = n.s.); pg/mL, picogram per milliliter; *p< 0.05.
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inflammatory profiles highlighted by the increase in IL-2 and IL-

6, as well as a rise in IL-4, IL-10, and a reduction in IFN-g, IL-8,
and CCL2. In contrast, home-based exercise was unsuccessful in

modulating the inflammatory component. Associated with other

results, it might indicate a remaining pro-inflammatory status in

the home group that might be due to a deficient performance of

the home-based exercise (less adhesion or not enough intensity).

Additionally, we remarked on an enhancement in IL-2 serum

levels in response to the supervised protocol. The increase in IL-

2 secretion might be associated with T-cells activation.

Moreover, IL-2 contributes to the Th1 response, mitigating

infections caused by intracellular microorganisms (65, 66). In

this sense, it is known that IL-2 might be an important

biomarker for fighting against COVID-19 once T cells are

antiviral players, but also mitigate the cytokine storm during

the acute phase of COVID-19 (67). Therefore, a highlight in IL-2

appears to be crucial to immune surveillance against COVID-19.

Although the pleiotropic behavior of IL-6 is known, this

study observed an increase in peripheral levels of this cytokine

(68). Steensberg et al. (2003) have already observed an anti-

inflammatory profile associated with IL-6 enhancement, such as

a decrease in TNF-a and a marked increase in IL-1a and IL-10

plasma levels (36). The high IL-10 concentration counteracts the

pro-inflammatory effects of some cytokines and cell infiltration

by reducing the adhesion molecules (69, 70). Indeed, some

studies have shown the production of myokines, such as IL-6,

which are responsible for the modulatory effect of exercise, and

exert anti-inflammatory outcomes (71). Moreover, experimental

studies investigating influenza found an enhancement of

mortality in IL-6 knockout mice because of a reduction in

macrophage infiltration in the lung and epithelial cell survival,

increased fibroblast proliferation, and collagen deposition (23,

72). On the other hand, other studies, which have investigated

exercise protocols, have found a decrease in that cytokine in

other viruses, and inflammatory diseases (73–76). These

different IL-6 changes might be associated with different

exercise protocols (frequency, intensity, and duration) (71).

The higher levels of L-6, IL-4, and IL-10 which were observed

in this study are associated with a cytokine profile of the post-

COVID-19 population without sequelae as Queiroz et al. (2022)

recently found out (7). Therefore, post-COVID-19 patients

should also benefit from the anti-inflammatory effects of

supervised exercise, which is still associated with increased IL-

4, IL-10, and decreased chemokines levels.

Given the observation, this study supports some limitations.

Although age was significantly different between groups,

cytokine-chemokine levels showed no significant difference

between supervised physical exercise and home-based

unsupervised exercise groups. Moreover, the ANCOVA

findings did not differ upon considering baseline age as a

covariate for all chemokines and cytokines, except TNF-a
levels in the gym group. The intensity of the home-based

exercise protocol could not be measured. Also, this study
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could not consider a control group. However, our results are

important since they were able to recognize the beneficial effect

of supervised exercise in balancing pro-inflammatory and anti-

inflammatory profiles after COVID-19 recovery. Future research

should investigate the impact of long-term controlled exercise

protocol (supervised and home-based) on patients after COVID-

19 recovery. In addition, the most optimal conditions of a safe

and effective exercise protocol remain to be determined (type,

frequency, intensity, and duration).
Conclusion

The current study indicated that a supervised controlled

exercise protocol could balance the inflammatory peripheral

components, mitigating the inflammatory process associated

with post-COVID-19 and its consequences. Also, the

supervised exercise might help to recover from COVID-19

disorders, enhancing immunosurveillance against this virus.

Although the home-based unsupervised exercise was not able

to decrease inflammation, future studies should not exclude the

possibility of home-based with supervised exercise.
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SUPPLEMENTARY FIGURE 1

Changes in chemokines from baseline to 12 weeks of Supervised and
home-based unsupervised exercise on recovered COVID-19 patients.

Comparison of variations between Supervised and home-based
unsupervised exercise on the chemokines’ serum levels according to T-

test from baseline to 12 weeks of intervention (delta of Post- to Pre-
intervention). Home, the home-based unsupervised exercise group; Gym,

supervised exercise group; Serum levels; (A) IL-8: Interleukin- 8 (p= 0.74);
(B) CCL5: CC chemokine family-5 (p = 0.06); (C) CXCL10: chemokine (C-

X-C motif) ligand-10 (p = 0.04); D) CXCL9: chemokine (C-X-C motif)

ligand-9 (p = 0.13); E) CCL2: CC chemokine family-2 (p = 0.11); pg/mL:
picogram per milliliter; *p< 0.05.

SUPPLEMENTARY FIGURE 2

Changes in pro-inflammatory cytokines from baseline to 12 weeks of
Supervised and home-based unsupervised exercise on recovered

COVID-19 patients. Comparison of variations between Supervised and

home-based unsupervised exercise on the pro-inflammatory cytokines’
serum levels according to T-test from baseline to 12 weeks of intervention

(delta of Post- to Pre-intervention). Home, the home-based unsupervised
exercise group; Gym, supervised exercise group; Serum levels; (A) IL-2:
Interleukin-2 (p = 0.04); (B) IL-6: Interleukin-6 (p = 0.15); (C) TNF-a:
Tumor necrosis factor-alpha (p = 0.46; (D) IFN-g: Interferon-gamma (p =

0.95); E) IL-17A: Interleukin-17A (p = 0.01); pg/mL: picogram per milliliter;

*p< 0.05.

SUPPLEMENTARY FIGURE 3

Changes in anti-inflammatory cytokines from baseline to 12 weeks of

Supervised and home-based unsupervised exercise on recovered
COVID-19 patients. Comparison of variations between Supervised and

home-based unsupervised exercise on the anti-inflammatory cytokines’

serum levels according to T-test from baseline to 12 weeks of intervention
(delta of Post- to Pre-intervention). Home, the home-based unsupervised

exercise group; Gym, supervised exercise group; Serum levels; (A) IL-4:
Interleukin-4 (p = 0.14); (B) IL-10: Interleukin-10 (p = 0.88); (C) TNF-a/IL-
10 ratio: (p = 0.60); pg/mL: picogram per milliliter; *p< 0.05.
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16. Zaid Y, Doré É, Dubuc I, Archambault AS, Flamand O, Laviolette M, et al.
Chemokines and eicosanoids fuel the hyperinflammation within the lungs of
patients with severe COVID-19. J Allergy Clin Immunol (2021) 148(2):368–80.e3.
doi: 10.1016/j.jaci.2021.05.032

17. Taniguchi-Ponciano K, Vadillo E, Mayani H, Gonzalez-Bonilla CR, Torres J,
Majluf A, et al. Increased expression of hypoxia-induced factor 1a mRNA and its
related genes in myeloid blood cells from critically ill COVID-19 patients. AnnMed
(2021) 53(1):197–207. doi: 10.1080/07853890.2020.1858234
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2022.1051059/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1051059/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1007/s11606-020-05762-w
https://doi.org/10.1007/s00038-020-01390-7
https://doi.org/10.1002/npr2.12154
https://doi.org/10.7554/eLife.72500.sa2
https://doi.org/10.7554/eLife.72500.sa2
https://doi.org/10.1001/jamacardio.2020.3557
https://doi.org/10.3389/fcimb.2022.922422
https://doi.org/10.3389/fcimb.2022.922422
https://doi.org/10.1016/j.lfs.2020.118167
https://doi.org/10.1080/08923973.2020.1818770
https://doi.org/10.1080/08923973.2020.1818770
https://doi.org/10.1002/jmv.26232
https://doi.org/10.1080/22221751.2020.1770129
https://doi.org/10.1016/j.lfs.2021.119201
https://doi.org/10.3389/fimmu.2020.580237
https://doi.org/10.3389/fimmu.2020.580237
https://doi.org/10.1016/j.humimm.2021.09.004
https://doi.org/10.1111/ijcp.14970
https://doi.org/10.1016/j.jaci.2021.05.032
https://doi.org/10.1080/07853890.2020.1858234
https://doi.org/10.3389/fimmu.2022.1051059
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Filgueira et al. 10.3389/fimmu.2022.1051059
18. Hue S, Beldi-Ferchiou A, Bendib I, Surenaud M, Fourati S, Frapard T, et al.
Uncontrolled innate and impaired adaptive immune responses in patients with
COVID-19 acute respiratory distress syndrome. Am J Respir Crit Care Med (2020)
202(11):1509–19. doi: 10.1164/rccm.202005-1885OC

19. Khalil BA, Elemam NM, Maghazachi AA. Chemokines and chemokine
receptors during COVID-19 infection. Comput Struct Biotechnol J (2021) 19:976–
88. doi: 10.1016/j.csbj.2021.01.034

20. Ayoubkhani D, Khunti K, Nafilyan V, Maddox T, Humberstone B,
Diamond I, et al. Post-COVID syndrome in individuals admitted to hospital
with COVID-19: retrospective cohort study. BMJ (2021) 372:n693. doi: 10.1136/
bmj.n693

21. Brugliera L, Spina A, Castellazzi P, Cimino P, Arcuri P, Deriu MG, et al.
Rehabilitative of COVID-19 patients with acute lower extremity ischemia and
amputation. J Rehabil Med (2020) 52(9):jrm00094. doi: 10.2340/16501977-2714

22. Barker-Davies RM, O'Sullivan O, Senaratne KPP, Baker P, Cranley M,
Dharm-Datta S, et al. The Stanford hall consensus statement for post-COVID-19
rehabilitation. Br J Sports Med (2020) 54(16):949–59. doi: 10.1136/bjsports-2020-
102596

23. Yang ML, Wang CT, Yang SJ, Leu CH, Chen SH, Wu CL, et al. IL-6
ameliorates acute lung injury in influenza virus infection. Sci Rep (2017) 7:43829.
doi: 10.1038/srep43829

24. Zhang S, Luo P, Xu J, Yang L, Ma P, Tan X, et al. Plasma metabolomic
profiles in recovered COVID-19 patients without previous underlying diseases 3
months after discharge. J Inflammation Res (2021) 14:4485–501. doi: 10.2147/
JIR.S325853

25. Willems LH, Nagy M, Ten Cate H, Spronk HMH, Groh LA, Leentjens J,
et al. Sustained inflammation, coagulation activation and elevated endothelin-1
levels without macrovascular dysfunction at 3 months after COVID-19. Thromb
Res (2022) 209:106–14. doi: 10.1016/j.thromres.2021.11.027

26. Peluso MJ, Lu S, Tang AF, Durstenfeld MS, Ho HE, Goldberg SA, et al.
Markers of immune activation and inflammation in individuals with postacute
sequelae of severe acute respiratory syndrome coronavirus 2 infection. J Infect Dis
(2021) 224(11):1839–48. doi: 10.1093/infdis/jiab490

27. Zhou H, Lu S, Chen J, Wei N, Wang D, Lyu H, et al. The landscape of
cognitive function in recovered COVID-19 patients. J Psychiatr Res (2020) 129:98–
102. doi: 10.1016/j.jpsychires.2020.06.022

28. Gacci M, Coppi M, Baldi E, Sebastianelli A, Zaccaro C, Morselli S, et al.
Semen impairment and occurrence of SARS-CoV-2 virus in semen after recovery
from COVID-19.Hum Reprod (2021) 36(6):1520–9. doi: 10.1093/humrep/deab026

29. Manganotti P, Bellavita G, Tommasini V, D Acunto L, Fabris M, Cecotti L,
et al. Cerebrospinal fluid and serum interleukins 6 and 8 during the acute and
recovery phase in COVID-19 neuropathy patients. J Med Virol (2021) 93(9):5432–
7. doi: 10.1002/jmv.27061

30. Fan BE, Wong SW, Sum CLL, Lim GH, Leung BP, Tan CW, et al.
Hypercoagulability, endotheliopathy, and inflammation approximating 1 year
after recovery: Assessing the long-term outcomes in COVID-19 patients. Am J
Hematol (2022) 97(7):915–23. doi: 10.1002/ajh.26575

31. Filgueira TO, Castoldi A, Santos LER, de Amorim GJ, de Sousa Fernandes
MS, Anastácio WLDN, et al. The relevance of a physical active lifestyle and physical
fitness on immune defense: Mitigating disease burden, with focus on COVID-19
consequences. Front Immunol (2021) 12:587146. doi: 10.3389/fimmu.2021.587146

32. Cui W, Ouyang T, Qiu Y, Cui D. Literature review of the implications of
exercise rehabilitation strategies for SARS patients on the recovery of COVID-19
patients. Healthcare (2021) 9(5):590. doi: 10.3390/healthcare9050590

33. Pourteymour S, Eckardt K, Holen T, Langleite T, Lee S, Jensen J, et al. Global
mRNA sequencing of human skeletal muscle: Search for novel exercise-regulated
myokines. Mol Metab (2017) 6(4):352–65. doi: 10.1016/j.molmet.2017.01.007

34. Kohut ML. Immune function: Impact of exercise and nutritional
interventions. Am J Lifestyle Med (2016) 10(3):174–7. doi: 10.1177/
1559827616631723

35. Walsh NP, Oliver SJ. Exercise, immune function and respiratory infection:
An update on the influence of training and environmental stress. Immunol Cell Biol
(2016) 94(2):132–9. doi: 10.1038/icb.2015.99

36. Steensberg A, Fischer CP, Keller C, Møller K, Pedersen BK. IL-6 enhances
plasma IL-1ra, IL-10, and cortisol in humans. Am J Physiol Endocrinol Metab
(2003) 285(2):E433–7. doi: 10.1152/ajpendo.00074.2003

37. Gomarasca M, Banfi G, Lombardi G. Myokines: The endocrine coupling of
skeletal muscle and bone. Adv Clin Chem (2020) 94:155–218. doi: 10.1016/
bs.acc.2019.07.010

38. Karstoft K, Pedersen BK. Skeletal muscle as a gene regulatory endocrine
organ. Curr Opin Clin Nutr Metab Care (2016) 19(4):270–5. doi: 10.1097/
MCO.0000000000000283

39. Leal LG, Lopes MA, Batista ML. Physical exercise-induced myokines and
muscle-adipose tissue crosstalk: A review of current knowledge and the
Frontiers in Immunology 11
implications for health and metabolic diseases. Front Physiol (2018) 9:1307. doi:
10.3389/fphys.2018.01307

40. Kenyon C. The forrest gump approach to preventing severe COVID-19 -
reverse the predisposing pro-inflammatory state with exercise. Microbes Infect
(2020) 22(4-5):151–3. doi: 10.1016/j.micinf.2020.05.003

41. Bartlett DB, Willis LH, Slentz CA, Hoselton A, Kelly L, Huebner JL, et al.
Ten weeks of high-intensity interval walk training is associated with reduced
disease activity and improved innate immune function in older adults with
rheumatoid arthritis: a pilot study. Arthritis Res Ther (2018) 20(1):127.
doi: 10.1186/s13075-018-1624-x

42. Middelbeek RJW, Motiani P, Brandt N, Nigro P, Zheng J, Virtanen KA, et al.
Exercise intensity regulates cytokine and klotho responses in men. Nutr Diabetes
(2021) 11(1):5. doi: 10.1038/s41387-020-00144-x

43. Schwendinger F, Pocecco E. Counteracting physical inactivity during the
COVID-19 pandemic: Evidence-based recommendations for home-based exercise.
Int J Environ Res Public Health (2020) 17(11):3909. doi: 10.3390/ijerph17113909

44. Nightingale TE, Walhin JP, Turner JE, Thompson D, Bilzon JL. The
influence of a home-based exercise intervention on human health indices in
individuals with chronic spinal cord injury (HOMEX-SCI): study protocol for a
randomised controlled trial. Trials. (2016) 17(1):284. doi: 10.1186/s13063-016-
1396-z

45. Baigis J, Korniewicz DM, Chase G, Butz A, Jacobson D, Wu AW.
Effectiveness of a home-based exercise intervention for HIV-infected adults: a
randomized trial. J Assoc Nurses AIDS Care (2002) 13(2):33–45. doi: 10.1016/
S1055-3290(06)60199-4

46. Schwartz AR, Bartlett DB, Johnson JL, Broadwater G, Channell M, Nolte
KC, et al. A pilot study of home-based exercise and personalized nutrition
counseling intervention in endometrial cancer survivors. Front Oncol (2021)
11:669961. doi: 10.3389/fonc.2021.669961

47. Lee DH, Kim JY, Lee MK, Lee C, Min JH, Jeong DH, et al. Effects of a 12-
week home-based exercise program on the level of physical activity, insulin, and
cytokines in colorectal cancer survivors: a pilot study. Support Care Cancer (2013)
21(9):2537–45. doi: 10.1007/s00520-013-1822-7

48. Bonnevie T, Smondack P, Elkins M, Gouel B, Medrinal C, Combret Y, et al.
Advanced telehealth technology improves home-based exercise therapy for people
with stable chronic obstructive pulmonary disease: a systematic review. J Physiother
(2021) 67(1):27–40. doi: 10.1016/j.jphys.2020.12.006

49. Wuytack F, Devane D, Stovold E, McDonnell M, Casey M, McDonnell TJ,
et al. Comparison of outpatient and home-based exercise training programmes for
COPD: A systematic review and meta-analysis. Respirology. (2018) 23(3):272–83.
doi: 10.1111/resp.13224

50. Chaabene H, Prieske O, Herz M, Moran J, Höhne J, Kliegl R, et al. Home-
based exercise programmes improve physical fitness of healthy older adults: A
PRISMA-compliant systematic review and meta-analysis with relevance for
COVID-19. Ageing Res Rev (2021) 67:101265. doi: 10.1016/j.arr.2021.101265

51. Franklin NC, Robinson AT, Bian JT, Ali MM, Norkeviciute E, McGinty P,
et al. Circuit resistance training attenuates acute exertion-induced reductions in
arterial function but not inflammation in obese women. Metab Syndr Relat Disord
(2015) 13(5):227–34. doi: 10.1089/met.2014.0135

52. Kolahdouzi S, BaghadamM, Kani-Golzar FA, Saeidi A, Jabbour G, Ayadi A,
et al. Progressive circuit resistance training improves inflammatory biomarkers and
insulin resistance in obese men. Physiol Behav (2019) 205:15–21. doi: 10.1016/
j.physbeh.2018.11.033

53. Smethurst WS, Souza BAB, Alves JG, Silva JRJ. Manual de ginástica para
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