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Inflammatory cytokines 
and chemokines in obese 
adolescents with antibody 
against to adenovirus 36
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Obesity in adolescents has reached epidemic proportions and is associated with the inflammatory 
response and viral infections. The aim of this study was to understand the profile of inflammatory 
cytokines and chemokines associated with the inflammatory response and metabolic syndrome 
(MetS) in obese adolescents with positive serology for adenovirus 36 (ADV36). Thirty-six overweight, 
36 obese, and 25 severe obesity adolescents aged 10 to 16 years were included in the study. The 
following variables were analyzed: sex, age, body mass index (BMI), blood pressure, total cholesterol 
and fractions, triglycerides, glucose, serum cytokine concentrations, and ADV36 antibodies. Cytokines 
and chemokines were quantified by cytometry and ADV36 serology was determined by enzyme-linked 
immunosorbent assay (ELISA). The results showed higher levels of the cytokines interleukin-1beta 
(IL-1β), IL-6, IL-10 and of the chemokine interferon-gamma-inducible protein 10 (IP-10) in severe 
obesity adolescents compared to the obese and overweight groups, as well as in the group with MetS 
compared to the group without this syndrome. The frequency of ADV36-positive individuals did not 
differ between groups. The findings revealed differences in BMI between the obese and severe obesity 
groups versus the overweight group in the presence of positivity for ADV36, suggesting an association 
with weight gain and possibly MetS installation.

Obesity in children and adolescents has acquired alarming and epidemic proportions in recent decades on several 
 continents1–3 and is considered a serious public and social health problem. Since 2015, obesity has been recog-
nized as a “disease” and no longer as a complicating factor associated with another  disease4. This fact has led to an 
increase in the incidence and prevalence of comorbidities and diseases in children, adolescents, and  adults3, 5–7.

The high prevalence of obesity in adolescents is associated with an increased risk of bone alterations/wear-
and-tear, cancer, type 2 diabetes mellitus, arterial hypertension, heart disease, stroke, increased risk of early 
mortality, and metabolic syndrome (MetS)7–12. Identifying MetS in obese adolescents is important to suggest 
early interventions in diet, lifestyle and therapy when  necessary13, with the prevention of the consequences of 
excessive weight gain that seems to occur at increasingly earlier  ages5. Metabolic syndrome consists of a set of 
metabolic alterations and is recognized as a risk factor for the development of cardiovascular diseases and type 
2 diabetes  mellitus14. The determinant factors of this syndrome are obesity, hypertension, dyslipidemia, and 
 hyperglycemia15.

The origin of the complications associated with obesity lies in the systemic and chronic inflammation of 
adipose  tissue16–18. The production of inflammatory cytokines is generally associated with a certain subpopula-
tion of macrophages, called classically activated or M1 macrophages, which participate in the pathophysiology 
of  obesity19. Macrophages are the main cells that produce the inflammatory cytokines IL-1β, IL-6, IL-8, IL-10, 
IL-12, and tumor necrosis factor-alpha (TNF-α), as well as chemokines that also seem to be produced by adipose 
tissue in  obesity20, 21. The chemokines produced by macrophages/monocytes and linked to obesity are IP-10 or 
chemokine (C-X-C motif) ligand 10 (CXCL10), which is associated with decreased angiogenesis in adipose 
tissue and inflammation due to the lack of vascularization and is expressed in morbidly obese  patients22, and 
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regulated on activation, normal T cell expressed and secreted (RANTES) or chemokine (C–C motif) ligand 5 
(CCL5), which contributes to resistance to  insulin23, 24. Other chemokines that are being investigated in obese 
individuals and that have been associated with inflammation in adipose tissue are monocyte chemoattractant 
protein-1 (MCP-1) or CCL2 and monokine induced by interferon-gamma (MIG) or  CXCL920, 25.

It is also believed that obesity has an infectious component, i.e., some viral infections may play a role in 
weight gain and obesity. Within this context, several studies have linked obesity to infection with adenovirus 
36 (ADV36), a virus already described in adults, adolescents, and  children26, 27. This adenovirus interferes with 
insulin resistance and cytokine production in obese individuals. Some studies reported the presence of ADV36 
in adipose tissue removed from obese patients, reinforcing the association of this adenovirus infection with 
 obesity28.

Within this context, the aim of the present study was to identify and quantify serum concentrations of inflam-
matory cytokines and chemokines associated with the inflammatory profile of M1 macrophages, as well as to 
evaluate associations with the grade of obesity, positive ADV serology, and presence of MetS in adolescents.

Results
Anthropometric data and biochemical assessment for the characterization of MetS. Ninety-
seven patients were included. These patients were divided into three groups according to BMI (Table 1). Some 
data on sexual maturation were not obtained due to the patient’s refusal during the evaluation. All patients were 
submitted to biochemical assessment for the identification of MetS and characterization of the groups (Table 1).

Inflammatory cytokines IL-1β, IL-6 and IL-10 associated with MetS. Cytokines were measured in 
all groups. Differences between the overweight, obese and severe obesity groups were observed for IL-1β, IL-6, 
and IL-10 (Table 2). The levels of these cytokines differed between the groups without and with MetS (Table 3). 

Table 1.  Mean and standard deviation of the anthropometric, clinical and biochemical data of overweight, 
obese and severe obesity adolescents. SD standard deviation, BMI body mass index, SBP systolic blood 
pressure, DBP diastolic blood pressure, HOMA-IR homeostasis model assessment of insulin resistance, 
QUICKI quantitative insulin sensitivity check index.

Mean ± SD
Overweight
(n = 36)

Obese
(n = 36)

Severe obesity
(n = 25)

Age (years) 13.96 ± 2.20 13.39 ± 2.34 13.29 ± 1.99

BMI (kg/m2) 24.22 ± 1.63 28.58 ± 2.79 33.96 ± 4.18

SBP (mmHg) 112.15 ± 13.03 118.13 ± 14.99 124.00 ± 16.62

DBP (mmHg) 71.33 ± 8.68 74.27 ± 9.39 77.65 ± 12.01

Total cholesterol (mg/dL) 156.88 ± 22.74 155.36 ± 32.83 173.68 ± 32.98

Triglycerides (mg/dL) 107.25 ± 43.82 114.44 ± 53.32 137.08 ± 61.11

Glycemia (mg/dL) 85.22 ± 8.39 83.03 ± 7.19 85.32 ± 7.35

HOMA-IR 3.21 ± 2.17 3.54 ± 1.90 5.42 ± 3.64

QUICKI 0.33 ± 0.02 0.32 ± 0.02 0.30 ± 0.02

Male sex
(frequency) 15/36 12/36 10/25

Sexual maturation,
Tanner29 criteria
(frequency)

Male Female Male Female Male Female

1–2 0 1 1 0 1 1

3–4 7 5 8 12 7 7

5 2 8 2 7 0 5

Table 2.  Cytokines in overweight, obese and severe obesity adolescents. p25 = 25th percentile; p75 = 75th 
percentile; p = significance. Different letters indicate a significant difference between the groups analyzed. 
Kruskal–Wallis test.

Median (p25; p75)
Overweight
(n = 36)

Obese
(n = 36)

Severe obesity
(n = 25) p

IL-1β 0.01 (0.01;0.01)a 0.01 (0.01;0.42)ab 0.18 (0.01;1.11)b 0.026

IL-6 0.09 (0.01;2.49)a 0.82 (0.01;2.17)a 3.65 (0.37;5.89)b 0.010

IL-8 10.76 (7.62;16.78) 9.72 (7.29;15.54) 8.22 (5.52;11.99) 0.299

IL-10 0.01 (0.01;0.01)a 0.01 (0.00;1.55)a 1.74 (0.01;2.55)b 0.002

IL-12 0.01 (0.01;0.01) 0.01 (0.01;0.01) 0.01 (0.01;0.01) 0.669

TNF-α 0.01 (0.01;0.01) 0.01 (0.01;0.01) 0.01 (0.01;0.01) 0.922
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The areas under the receiver operating characteristics (ROC) curve were also higher for these cytokines, with 
values ranging from 0.88 to 1.0 (Fig. 1).

Chemokine IP-10 associated with MetS. Chemokines were measured in all groups. There were differ-
ences in IP-10 levels between the severe obesity groups and the other groups, while the overweight group did not 
differ from the obese group for any of the chemokines evaluated (Table 4). A difference in IP-10 was observed 
between the groups without and with MetS (Table 3). The ROC curve for IP-10 showed an accuracy of 0.76, with 

Table 3.  Cytokines and chemokines in adolescents with excess weight without and with MetS using four 
risk factors for the definition of MetS. p25 = 25th percentile; p75 = 75th percentile; p = significance; ns = not 
significant. Mann–Whitney test.

Median (p25; p75)
No MetS
(n = 63)

With MetS
(n = 33) p

IL-1β 0.00 (0.00;0.00) 1.00 (0.36;1.66) < 0.001

IL-6 0.00 (0.00;0.98) 3.17 (2.17;6.46) < 0.050

IL-8 10.29 (7.62;15.41) 7.56 (4.07;11.26) ns

IL-10 0.00 (0.00;0.00) 2.10 (1.72;2.59) < 0.001

IL-12 0.00 (0.00;0.00) 0.00 (0.00;0.00) ns

TNF-α 0.00 (0.00;0.00) 0.00 (0.00;0.64) ns

IP-10 7.56 (4.07;11.26) 183.96 (118.81;248.91) < 0.001

MCP-1 117.45 (78.10;161.76) 123.93 (92.45;160.09) 0.683

MIG 78.87 (57.31;102.25) 71.85 (57.85;92.02) 0.403

Figure 1.  ROC curve of cytokines. Analysis of IL-1β, IL-6, IL-8, IL-10, IL-12p40, and TNF-α in serum of 
adolescents with excess weight. AUC = area under the curve indicating the accuracy of each cytokine as a 
diagnostic marker of MetS in overweight and obese adolescents.
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a cut-off value of 150.36 pg/mL (Fig. 2). There was no significant difference in the other chemokines between 
groups.

Anti-ADV36 antibody in the overweigh, obese and severe obesity groups. There was no dif-
ference in positivity for ADV36 between the degrees of obesity, presence of MetS and association with levels of 
cytokines IL-1β, IL-6 and IL-10 (Table 5). The evaluation of BMI in the ADV36 positive group separated BMI 
into only two groups, that is, BMI of obese individuals was equal to BMI of severe obesity individuals and both 
were higher than the group of overweight adolescents (Table 6). This difference in BMI in two groups did not 
occur when adolescents who were negative for ADV36 were evaluated; this comparison showed overweight 
BMI < obese BMI < severe obesity BMI (Table 6).

Discussion
The results revealed differences in inflammatory and anti-inflammatory cytokines between the groups studied, 
as demonstrated by the difference in the levels of IL-1β, IL-6 and IL-10, cytokines produced by M1 and M2 
macrophages. The group of adolescents with excess weight had higher levels than those with lower weight and 
BMI, suggesting the potential use of these cytokines as diagnostic markers of comorbidities and MetS in obese 
adolescents. Associations of inflammatory cytokines with obesity and BMI and their participation in the patho-
physiology of weight gain are frequently reported. Therefore, obesity is referred to as a state of low-grade chronic 
metabolic inflammation or meta-inflammation16, 17.

Meta-inflammation involves the participation of immune response cells, especially activated monocytes 
and macrophages. These cells infiltrate adipose tissue where they are transformed to macrophages or adipose 
tissue macrophages, inducing the maturation and expansion of adipose tissue and an increase in the size of fat 

Table 4.  Chemokines in overweight, obese and severe obesity adolescents. p25 = 25th percentile; p75 = 75th 
percentile; p = significance. Different letters indicate a significant difference between the groups analyzed. 
Kruskal–Wallis test.

Median (p25; p75)
Overweight
(n = 36)

Obese
(n = 36)

Severe obesity
(n = 25) p

IP-10 117.00 (77.00;185.00)a 118.00 (77.00;170.00)a 166.00 (139.00;226.00)b 0.050

MCP-1 119.00 (103.00;181.00) 119.00 (82.00;146.00) 92.00 (74.00;148.00) 0.220

MIG 87.00 (56.00;99.00) 75.00 (60.00;5.00) 73.00 (57.00;107.00) 0.770

Figure 2.  ROC curve of chemokine IP-10. Analysis of IP-10 in serum of adolescents with excess weight. 
AUC = area under the curve indicating the accuracy of the chemokine as a diagnostic marker of MetS in 
overweight and obese adolescents. Cut-off = 150.36 pg/mL; specificity = 0.28; sensitivity = 0.70.
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cells. Adipose tissue macrophages can be classified as M1 macrophages, which produce IL-6, TNF-α, MCP-1, 
CD11c, and inducible nitric oxide synthase (iNOS), and M2 macrophages, which produce IL-10, transform-
ing growth factor beta 1 (TGF-β1) and  arginine30.

IL-1β, which is produced and detected in meta-inflammation of obesity, alters the production of inflamma-
tory cytokines and chemokines in pre-adipocytes. Pre-adipocytes incubated with IL-1β release chemokines and 
inflammatory cytokines within a period of 24 h. An increase could also be detected by quantitative polymerase 
chain reaction after 4 h of incubation. IL-1β stimulates the secretion of IL-6, IL-8, IL-10, IL-13, MCP-4, TNF-α 
and IP-10 by monocytes, macrophages, preadipocytes, and adipocytes. These cells seem to be sensitive to the 
action of and exposure to IL-1β, inducing the secretion of inflammatory cytokines. These facts suggest that eleva-
tion of this cytokine may be a trigger for the production of inflammatory cytokines and chemokines associated 
with vascular and tissue damage in  obesity31, 32.

IL-6 is secreted by M1 macrophages, adipocytes, and fibroblasts. This production is associated with exposure 
to high levels of  glucose33. In addition to these effects, IL-6 seems to regulate body weight, lipid  metabolism34, 35, 
insulin  resistance36–38, and the production of C-reactive protein. Stating that IL-6 is a cause or a consequence of 
meta-inflammation is still controversial but some studies have demonstrated that adipocytes respond positively 
to this cytokine or produce it. Obesity upregulates IL-6 expression and IL-6 receptor (IL-6R) in adipose tissue 
and that this production contributes to the meta-inflammation in  obesity37, 39.

Macrophages are sources of IL-10 in overweight inflammation. This cytokine plays a role in the containment 
of the immune response, modulating and interfering with the innate and adaptive response. The increase in 
IL-10 is cited as an independent factor of nonalcoholic fatty liver disease (NAFLD) in obese children, suggesting 
that this cytokine is a protective factor against  NAFLD40. A study investigating the participation of IL-10 in an 
experimental model of steatosis suggested that CCR7+ mononuclear cells in the liver could regulate obesity-
induced hepatic steatosis via the induction of IL-10-expressing invariant natural killer T  cells41.

Cytokines in general may serve as auxiliary tools in the diagnosis of MetS but should not be employed 
individually. These mediators of innate immunity can complement clinical and laboratory parameters already 
documented in obese adolescents. It is important to point out that, although obesity is characterized by a state 
of inflammation, not all cytokines are detectable in serum. The present study analyzed cytokines produced 
by M1 macrophages, the target cells in obesity studies. Obese individuals with metabolic problems exhibit an 
increase in TNF-α, IL-6 and IL-1β accompanied by a decrease in  adiponectin42. Several studies have suggested 
an association with the presence of M1 macrophages and metabolic disorder.

Table 5.  Number of individuals with positive anti-ADV36 serology. min. = minimum; max. = maximum; 
p = significance; ns = not significant. Different letters indicate a significant difference between the groups 
analyzed. Kruskal–Wallis test for comparison of medians. Chi-square test or Fisher’s exact test to compare the 
frequency between groups.

Overweight
(n = 36)

Obese
(n = 36)

Severe obesity
(n = 25) p

Subjects positive for ADV36 14 18 5 0.060

Percentage 39 50 20 ns

♂ ADV36+/total ♂ 4/15 2/12 1/10 0.438

♂ ADV36+/total ADV36+ 4/14 2/18 1/5 0.456

MetS ADV36+ 1 4 2 ns

IL-1β (median; min.; max.) (0.01;0.01;0.79)a (0.01;0.01;1.66)ab (0.36;0.01;3.59)b 0.026

IL-6 (median; min.; max.) (0.04;0.01;14.44)a (0.01;0.01;24.49)a (3.18;0.01;7.04)b 0.010

IL-10 (median; min.; max.) (0.01;0.01;2.10)a (0.01;0.01;2.70)a (2.28;0.01;3.59)b 0.023

IP-10 (median; min.; max.) (116.00;42.00;701.00)a (118.00;20.00;374.00)a (166.00;86.00;369.00)b 0.050

Table 6.  BMI of overweight, obese and severe obesity adolescents with positive or negative anti-ADV36 
serology. p25 = 25th percentile; p75 = 75th percentile; p = significance. Lowercase letters: comparison between 
grades of obesity. Uppercase letters: intragroup comparison of the presence and absence of ADV36 in the 
overweight, obese and severe obesity groups. Different letters indicate a significant difference between the 
groups analyzed. Kruskal–Wallis test for comparison of medians. t test for intragroup comparison of the 
presence and absence of ADV36 in the overweight, obese and severe obesity groups.

Median (p25; p75)
Overweight
(n = 36)

Obese
(n = 36)

Severe obesity
(n = 25) p

ADV36+ 24.53 (23.48;25.53)aA 29.21 (25.95;31.93)bA 38.76 (28.71;39.70)bA ≤ 0.050

ADV36− 24.35 (23.21;25.07)aA 27.32 (26.65;30.12)bA 33.02 (31.28;36.38)cA ≤ 0.050

p > 0.050 > 0.050 > 0.050
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The use of these cytokines as a diagnostic method must be interpreted with caution. In general, the accu-
racy values obtained in the present study for the cytokines are considered good (0.80 to 0.89) but not excellent 
(> 0.90)43. However, these cytokines certainly reflect the inflammatory state of the individual with excess weight 
and can be used to monitor the presence of inflammation which, in turn, causes tissue and vascular damage and 
induces metabolic changes.

The evaluation of MCP-1 and MIG chemokine levels did not differ in the groups studied, except for IP-10. 
The levels of IP-10 were higher in the severe obesity group and the accuracy obtained for this chemokine was 
0.8. Among obese individuals, elevated serum IP-10 levels have been observed in patients with heart problems 
compared to those without such problems and have been associated with left ventricular failure and possible 
unsuccessful cardiac  remodeling44, 45. This chemokine is secreted by macrophages and monocytes after stimula-
tion with interferon gamma (IFN-γ) and is chemotactic for monocytes/macrophages, T cells, natural killer cells, 
and dendritic cells. In addition to these associations, IP-10 induces the proliferation of vascular smooth muscle 
cells, suggesting its participation in the onset and aggravation of  atherosclerosis46.

Obesity is a chronic inflammatory state that is characterized by the presence of inflammatory and anti-inflam-
matory cytokines and chemokines produced by M1 macrophages. Elucidating their role in the pathophysiology 
of obesity and its comorbidities may permit to identify intracellular activation pathways and therapeutic  targets47. 
The chemokines MCP-1, IP-10 and IL-8 have been indicated as therapeutic targets for hypertension because of 
their participation in atherosclerosis, myocardial complications, and renal  fibrosis48.

Regarding the presence of ADV36, this evaluation was not significant in the comparison between the groups 
of obesity and positivity for ADV36, but there was a difference in the evaluation within the severe obesity group, 
with a higher frequency of severe obesity adolescents positive for ADV36. The presence of infection is related 
to increased BMI (Table 6).

The association of the presence of ADV36 with obesity has been described since 2000 in  adults49 and since 
2010 in  children50. ADV36 induces differentiation or adipogenesis of somatic cells to adipocytes. This change is 
mediated by incorporation of the viral gene early gene 4, open reading frame 1 (E4-ORF1) in the cell nucleus, 
which accelerates adipogenesis and induces the production of inflammatory and anti-inflammatory cytokines 
and adipokines. The increase in adipocytokines such as MCP-1, TNF-α, IL-1, and IL-6 causes an increase in fat 
nodules and alters fat metabolism during the inflammatory process. M1 macrophages appear to play a key role 
in cytokine production and adipose tissue  inflammation26, 51–54.

In a study of 291 children, Berger et al.55 found an increase in TNF-α and IL-6 in ADV36-positive children. 
The odds ratio for TNF-α and IL-6 was 2.2 and 2.4, respectively, in ADV36-positive children aged 9–13 years. In 
addition to these data, some experimental studies using mouse macrophages have shown that ADV36 induces 
the production of MCP-1 in vitro53.

In conclusion, IL-1β, IL6, IL-10, and IP-10 levels are elevated in adolescents with severe obesity and these 
cytokines can serve as a tool for the diagnosis of MetS. As for the limitations of the study, it was not possible to 
make a food survey, due to the inability to keep adolescents under surveillance of food eaten for 3 days and asso-
ciate the type of food with inflammation. Regarding the presence of ADV36 infection, there was an increase in 
BMI in the obese group, bringing these indices closer to the severe obesity group, suggesting that ADV36 causes 
aggravation of weight gain. A larger sample is needed to confirm the association of infection with BMI gain. The 
correlation of infection with sex and MetS did not occur, despite the higher frequency in girls.

Methods
Study design. Cross-sectional study of male and female adolescents aged 10 to 16 complete years, who 
were seen at the Botucatu Medical School, Unesp, from September 2018 to September 2019, and who did not 
use medications. Participants were consecutively included and allocated to the groups according to the degree 
of obesity. The sample consisted of 97 adolescents, including 36 overweight, 36 obese and 25 severe obesity 
individuals.

Ethics declaration. The Ethics Committee on Research Involving Humans of the Botucatu Medical School, 
Unesp, São Paulo, Brazil, approved the study on November 9, 2020 (Approval number 4.399.388). All methods 
were performed in accordance with the relevant guidelines and regulations. All adolescents and legal representa-
tives signed the free informed consent form for inclusion in the study.

Clinical variables. Weight and height were obtained according to the National Health and Nutrition Exami-
nation  Survey56.

The nutritional status was evaluated using age- and sex-specific BMI [weight (kg)/height2 (m)] curves and the 
respective cut-off points proposed by Kuczmarski et al.56. Overweight, obesity and severe obesity were defined 
according to Kuczmarski et al.56 and Freedman et al.57. The following sex- and age-specific definitions were 
adopted: overweight, 85th ≥ BMI < 95th; obese, 95th ≥ BMI ≤ 99th; severe obesity, BMI > 99th.

Waist circumference was measured as described by Rizzo et al.58 and the values were compared to the values 
of the 90th percentile for abdominal circumference according to age and  sex59.

The SBP and DBP were measured twice and the mean of these measurements was used for  analysis60.

Laboratory tests. To evaluate the presence of MetS criteria in the adolescents, the following labora-
tory parameters were measured in a Vitros 950 dry chemical analyzer (Johnson & Johnson): total cholesterol 
and fractions [high-density lipoprotein (HDL), low-density  lipoprotein  (LDL) and very low-density  lipopro-
tein (VLDL)], triglycerides, and fasting glucose. The HOMA-IR [(fasting blood glucose mmol/L) × (fasting insu-
linemia µU/ml)/22.5]61 and QUICKI [1/log (fasting insulinemia µU/ml) + log (fasting blood glucose mg/dl)]62 
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values were calculated based on the fasting blood glucose and insulin measurements to identify probable insulin 
resistance. The measurements were performed in the morning after a 10-h fast.

Definition of MetS in adolescents aged 10 to 16 years. MetS was defined based on the presence of 
central obesity using the respective waist circumference percentiles (≥ 90th percentile for sex and age), combined 
with three additional factors (elevated triglycerides, low HDL-cholesterol, arterial hypertension, and hypergly-
cemia). The following altered values were considered for both sexes: triglycerides ≥ 150 mg/dL, HDL-choles-
terol < 40 mg/dL, arterial hypertension with SBP ≥ 130 mmHg or DBP ≥ 85 mmHg, and fasting glucose ≥ 100 mg/
dL or a previous diagnosis of type 2  diabetes15, 58.

Exclusion criteria. Adolescents with the presence of metabolic, endocrine or genetic disease verified by the 
history of the current disease, the general physical examination and laboratory or radiodiagnostic procedures, 
adolescents with diabetes mellitus, gastrointestinal disease, kidney disease, early or late puberty, current or past 
pregnancy, who used hormonal contraceptives, in corticosteroid therapy and in chronic use of medications, as 
well as adolescents who did not attend the commitments to measure clinical variables or laboratory tests were 
excluded from the study.

Quantification of cytokines and chemokines by cytometry. Cytokines IL-1β, IL-6, IL-8, IL-10, 
IL-12, TNF-α and chemokines IP-10, MCP-1, MIG were quantified by ELISA using beads coated with mono-
clonal antibodies against each cytokine analyzed. Phycoerythrin (PE) was used as an antibody detector against 
each cytokine of interest.

Briefly, beads labeled with different fluorescence intensities were mixed in a tube at a rate of 10 µL/test of each 
bead coated with the specific anti-cytokine antibody and the procedures recommended by the manufacturer 
were followed. A volume of 50 µL of the bead mixture was transferred to the test tubes and reserved for later 
addition of the samples and recombinant standard. After this procedure, the PE-labeled detector antibody was 
added. Fluorescence of the labeled beads was acquired in a FACSCanto II cytometer (BD Biosciences, USA) and 
the data were analyzed using the FlowJo software, following the procedures of the manufacturer of the Human 
Inflammation and Human Chemokine kits (BD Biosciences, USA). A total of 1,800 or 300 events were counted 
for each bead or cytokine.

Quantification of anti-ADV36 antibody in plasma. The anti-ADV36 antibody was analyzed qualita-
tively by ELISA using the MMBS 9310682 kit (MyBiosource, San Diego, CA, USA). A cut-off value of 0.194 was 
defined, i.e., samples with an optical density above the cut-off were defined as positive.

Statistical analysis. The results were first analyzed by the Shapiro–Wilk test to verify the normality of the 
data. Parametric variables were compared between two groups by the unpaired t test and between three or more 
groups by one-way analysis of variance (ANOVA) followed by the Tukey test. Nonparametric variables were 
compared between groups using the Mann–Whitney test or Kruskal–Wallis test followed by Dunn’s test. ROC 
curves were constructed to evaluate the accuracy of the cytokines and the cut-off value of each cytokine was 
obtained from the inflection point of the curve. The chi-squared test or Fisher’s exact test was used to compare 
categorical data/frequencies. Data were analyzed using the SigmaPlot 12.0 for Windows statistical package (Jan-
del Corporation, CA, USA). Differences were considered significant when p < 0.05.

Data availability
All the data generated or analyzed during this study are included in this published article.
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