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Patients with thymic epithelial tumors (TET), who have a high risk of developing immunological 
disorders such as immunodeficiency and autoimmunity, were included among frail patients eligible for 
the COVID-19 vaccinal program. We previously found an increase of serum biomarkers of inflammation 
in 25 of 44 (56,8%) TET patients after the second dose (T2) of mRNA vaccine (BNT162b2 from Pfizer-
BioNTech), although none developed immune-related complications at this time point. In this study 
we have investigated the metabolic process of high-density lipoproteins (HDL) that are among the 
main players in inflammatory and immune modulation. To verify the impact of the vaccine on HDL 
metabolism in TET patients, we prospectively evaluated serum HDL and HDL subfractions at baseline 
and T2. Among the 45 TET patients, we observed two different trends: 24 ones (53.3%, subgroup 1) 
showed a significant decrease of serum small HDL (p < 0.0001) class and/or HDL 10 subfraction (HDL 10) 
(p < 0.0001) at T2 as compared to baseline values (T0), the other 21 patients (subgroup 2) did not show 
significant variations. Serum values of small HDL class in subgroup 1 at T2 were inversely correlated 
with serum interleukin (IL)-6, activated T lymphocytes and regulatory T cells. These findings suggested 
that the COVID-19 vaccine-related inflammation induces the HDL remodeling with a reduction of anti-
inflammatory small HDL class. Further studies need to clarify why the vaccine causes inflammation in 
about 50% of TET patients and whether such response is peculiar to COVID-19 vaccine or if it would be 
induced also by other mRNA vaccines.
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HDL	� High density lipoproteins
IL	� Interleukin
SARS-CoV-2	� Severe acute respiratory syndrome coronavirus 2
IQR	� Interquartile range
LDL	� Low-density lipoproteins
VLDL	� Very-low-density lipoproteins
rs	� Spearman correlation coefficient
AD	� Autoimmune diseases

In March 2020, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) became a pandemic that has 
caused more than 7 million deaths so far. An extraordinary research effort allowed to obtain antiviral vaccines1 
since the end of 2020 and their impact in preventing severe infections has been rapidly highlighted2. In Italy, 
a three-dose vaccination schedule was recommended for high-risk groups among which physicians and frail 
patients, with a first administration followed by a second dose after 21 days and a third booster dose after 6 
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months. The goal of vaccine administration is to induce an immune response, and some degree of inflammation 
can be expected after vaccination3. Patients with thymic epithelial tumors (TET) are classified by histological 
analysis as type A, type AB, type B (separated into B1, B2, and B3) thymoma and thymic carcinoma4, and 
they were included among frail patients eligible for the vaccine, although reduced immunological self-tolerance 
makes such patients more prone to autoimmunity5,6. Our group7,8 and others9 have described the safety and 
efficacy of the COVID-19 vaccine in patients with different types of TET as well as the absence of immune-related 
complications8,10. Furthermore, lymphocyte subpopulations were evaluated as potential predictive markers of 
immunological response to the COVID-19 vaccine in TET patients9,10. However, inflammation with cases of 
acute respiratory distress syndrome was sporadically reported as complications of the COVID-19 vaccine3 and 
we recently demonstrated that about 50% of patients with TET showed an increase of serum biochemical markers 
of inflammation after the second dose of vaccine11. High-density lipoproteins (HDL) are among the main players 
in inflammatory and immune modulation12. During infections, the reduction of cholesterol and HDL and the 
remodeling of HDL in blood compromise the anti-inflammatory activity of these molecules13. In fact, we found 
relevant changes in lipid metabolism during acute COVID-19-related inflammation14. HDL can be divided 
into various subclasses, according to its density, size, electrophoretic mobility and apolipoprotein cargo15. In 
our study, HDL were separated according to their size by polyacrylamide gel electrophoresis (Quantimetrix), 
a method that allows the subdivision of HDL into 10 subfractions, which are subsequently grouped into three 
main classes: Large (from HDL-1 to HDL-3), Intermediate (from HDL-4 to HDL-7) and Small (from HDL-8 to 
HDL-10). An increased level of large HDL and a reduced level of small HDL have been observed in a chronic 
inflammatory disease, i.e., rheumatoid arthritis, together with an inverse correlation between C-reactive protein 
and small HDL16. A reduction of small HDL has been also found in multisystem inflammatory syndrome in 
children, a severe post-COVID condition due to a delayed hyperimmune response to SARS-CoV-217. Therefore, 
the aim of the present study was to explore serum HDL and HDL subfractions in patients with TET at baseline 
and after the second dose of COVID-19 vaccine.

Results
At baseline (T0) and one month after the second dose (T2), Cholesterol and HDL values showed a normal 
distribution within normal ranges, although for HDL we found a minimum value of 19 mg/dL in two patients. 
At T2, HDL levels were not significantly different, compared to T0 (Table 1). Also, large and intermediate HDL 
classes did not show significant differences between the two times, whereas small HDL class resulted significantly 
lower at T2 than T0. Supplementary Table 1 showed comparisons of values of the ten HDL subfractions at T0 
and T2. Only HDL 10 subfraction resulted significantly decreased at T2 as compared to T0.

We observed that, based on the serum levels of the small HDL class and/or the HDL-10 subfraction, two 
distinct trends emerged in the 45 patients. A group of 24 patients (53.3%) showed a significant decrease of 
serum small HDL class and/or HDL 10 at T2 as compared to baseline values (subgroup 1); and another group 
of 21 patients (46.7%) did not show significant variations of these parameters (subgroup 2), as reported in 
Supplementary Table 2. Furthermore, we found no statistical differences between the two subgroups for the main 
characteristics, for the presence of comorbidities and treatment (Table 2). Moreover, during the observation 
period, no specific dietary or physical activity regimen was recommended to the patients. Figure  1A shows 
the bar chart of serum HDL, small HDL class and HDL 10 subfraction in subgroup 1 at T0 and T2. The values 
of both small HDL and HDL 10 were significantly different (p < 0.0001) between T2 and T0, while HDL levels 
were not significantly different. Figure 1B shows the trend of HDL, small HDL class and HDL 10 subfraction in 
subgroup 1 at T0 and T2.

As shown in Table 3, we evaluated the correlations between HDL, small HDL class and HDL 10 subfraction 
versus previously studied IL-6 values11 and previously studied lymphocyte subpopulations10 in subgroup 1 at T0 
and T2. The values of these parameters are reported in Supplementary Table 3. Serum HDL, small HDL class 
and HDL 10 subfraction values at T2 were significantly and inversely correlated with serum IL-6 values at T2, 
whereas no correlation was found for values at T0. Furthermore, serum HDL values at T2 were significantly and 
inversely correlated with percentage of activated Th17 lymphocytes at T2, while at T0 no correlation was found. 
In addition, small HDL class values at T2 were significantly and inversely correlated with percentage of activated 
T lymphocytes at T2, whereas no correlation was found at T0. Finally, both small HDL class and the HDL 10 
subfraction at T2 exhibited significant negative correlations with the percentage of regulatory T cells, with no 
corresponding association at T0.

T0 T2 p value

Cholesterol 178 (32) 182 (36) 0.248

HDL 41.4 (13.7) 40.5 (13.6) 0.481

Large HDL 19 (14.0.-26.5) 20 (13.5–27.5) 0.620

Intermediate HDL 14.7 (3.5) 14.3 (3.4) 0.351

Small HDL 5.3 (2.1) 4.6 (1.9) 0.038

Table 1.  Comparison of values (mg/dL) of Cholesterol, HDL and HDL classes at T0 and T2 in 45 TET 
patients. T0: baseline; T2: one month after the second dose. Significant p values are reported in bold. 
Continuous variables were expressed as mean (± standard deviation), while non-parametric variables were 
presented as median and interquartile range (IQR).
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Fig. 1.  (Panel A) Bar chart of serum HDL, small HDL class and HDL 10 subfraction in patients with TET 
(subgroup 1) at baseline (T0) and one month after the second dose of vaccine (T2). (Panel B) Trend of serum 
HDL, small HDL class and HDL 10 subfraction in patients with TET (subgroup 1) at baseline (T0) and one 
month after the second dose of vaccine (T2).

 

TET patients (n = 45) Subgroup 1 (n = 24) Subgroup 2 (n = 21)

Age (years) 55.0 (47.5–64.0) 54.5 (47.0–64.0) 55.0 (46.5–64.0)

Male, n (%) 17 (38) 9 (38) 8 (38)

BMI 25.8 (23–32.5) 26.4 (23.3–33.6) 25 (20.5–31.1)

Diabetes, n (%) 11 (24) 6 (25) 5 (24)

Smoker, n (%) 15 (33) 8 (33) 7 (33)

Dyslipidemia, n (%) 11 (24) 5 (21) 6 (29)

Statins, n (%) 7 (16) 3 (13) 4 (19)

Beta-blockers, n (%) 18 (40) 12 (50) 6 (29)

Treatment, n (%) * 21 (47) 12 (50) 9 (43)

Autoimmune diseases, n (%) 17 (38) 9 (38) 8 (38)

 Miastenia gravis (MG), n (%) 8 (18) 4 (17) 4 (19)

Severe immunodeficiency, n (%) 24 (53) 13 (54) 11 (52)

Table 2.  Characteristics of study population. TET: thymic epithelial tumors, *etoposide and/or somatostatin 
analog.
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Discussion
It is well known that vaccines work by introducing antigens that stimulate the immune system to develop targeted 
protection. These antigens activate innate immune receptors, triggering cytokine release and inflammatory 
responses similar to those caused by natural infections. Such reactions are essential for building adaptive 
immunity but can also lead to mild local or systemic side effects like pain, swelling, fever, or fatigue. Maintaining 
a balance between immune activation and minimal reactogenicity is key to vaccine safety18.

We found that the COVID-19 vaccine causes a remodeling of serum HDL in about 50% of patients with TET 
after the second dose. Specifically, we found a significant reduction of small HDL class and HDL 10 subfraction 
with known anti-inflammatory activity17,19,20. These results agree with our recent observation of an increase of 
serum inflammatory biomarkers in about half of TET patients after the second dose of vaccine (T2)11. In fact, 
the levels of small HDL class and HDL 10 subfraction were inversely correlated with serum IL-6 levels after 
the second dose of vaccine, whereas no correlations were found at baseline. Such data reinforce the pivotal role 
of HDL in the pathogenesis of inflammation12. A previous study reported a proinflammatory response after 
the second dose both in 20 healthy controls and in 22 patients with multiple sclerosis treated with the same 
vaccine of the present study21 but, differently from our results, in that study the proinflammatory response 
correlated to the magnitude of the humoral response. Our data show that only the subgroup 1 of TET patients 
showed a significant increase of serum biomarkers and a reduction of anti-inflammatory HDL class, whereas 
the subgroup 2 did not develop significant change. We confirm that these two subgroups are similar both in 
terms of major complications and adverse events to the vaccine that were not observed in any patient. Also, no 
differences were observed in terms of humoral and cell immunity development toward the vaccine. The S protein 
of the virus may trigger the inflammatory response to the vaccine22. The cytokine release and the remodeling 
of HDL would be related to activated T-lymphocytes, particularly activated Th17 (whose values were inversely 
correlated to small HDL class and to HDL levels, respectively), as we observed in both acute COVID-1923 
and multisystem inflammatory syndrome in children24,25. Moreover, the role of HDL in maintaining immune 
homeostasis is underscored by evidence showing that levels of the small HDL class and the HDL 10 subfraction 
are inversely correlated with regulatory T cells, which are crucial for preserving peripheral tolerance, preventing 
autoimmunity, and controlling chronic inflammatory responses26.

Indeed, the reduction and the remodeling of HDL with a depletion of small HDL class were observed in 
both healthy subjects after the infusion of the lipopolysaccharide and in patients with infectious diseases20, and 
in severe COVID-1927. The present study firstly describes HDL and their subfractions in TET patients after the 
vaccine and demonstrates that also in such conditions in about half of the subjects there is a remodeling that 
reduces subfractions with a higher content of apoA-1, antioxidant enzymes, and L-cholesterol acyltransferase28. 
These alterations share the pathogenic mechanism previously observed in bacterial sepsis29 and in patients with 
common variable immunodeficiency with infectious and autoimmune complications12. In fact, the cytokine 
storm causes the alteration of cholesterol release and the impairment of cholesterol reverse transport30,31. 
This is confirmed by the significant inverse correlation of small HDL class and HDL 10 versus serum IL-6. 
As consequence of the impaired cholesterol release and reverse transport, there is a reduction of circulating 
HDL, that causes the hyperactivation of TLR2 and TLR4 receptors with the subsequent inhibition of ATF3 
expression and further release of cytokines by macrophages12,13 creating a vicious circle. Although our study 
included a low number of patients with TET, they were clinically homogeneous and carefully monitored during 
the vaccine cycle. After the second dose of vaccine, none of the patients with TET had further immune-related 
complications, although we cannot exclude that in the long term an immune-related disease may develop in 
TET patients with elevated levels of inflammatory markers. In fact, it has been shown that excessive secretion of 

HDL Small HDL HDL 10

p value rs p value rs p value rs

IL-6 (pg/ml) T0 0.080 − 0.364 0.420 − 0.172 0.696 − 0.084

IL-6 (pg/mL) T2 0.008 − 0.525 0.019 − 0.475 0.030 − 0.444

Lymphocytes (%) T0 0.972 0.008 0.119 0.327 0.125 0.322

Lymphocytes (%) T2 0.834 0.045 0.377 0.189 0.357 0.196

T lymphocytes (%) T0 0.820 − 0.049 0.583 0.117 0.406 0.177

T lymphocytes (%) T2 0.522 0.137 0.181 0.282 0.211 0.264

Activated T (%) T0 0.745 0.070 0.434 − 0.167 0.593 − 0.115

Activated T (%) T2 0.901 − 0.026 0.023 − 0.460 0.064 − 0.383

Activated Th 1 (%) T0 0.542 − 0.130 0.788 0.057 0.518 0.138

Activated Th 1 (%) T2 0.138 − 0.312 0.299 − 0.220 0.573 − 0.120

Activated Th 17 (%) T0 0.855 − 0.039 0.479 − 0.151 0.449 − 0.162

Activated Th 17 (%) T2 0.033 − 0.435 0.276 − 0.231 0.191 − 0.276

Regulatory T cells (%) T0 0.792 0.056 0.511 − 0.141 0.466 − 0.156

Regulatory T cells (%) T2 0.969 − 0.008 0.002 − 0.589 0.003 − 0.573

Table 3.  Spearman correlation analysis of serum levels of HDL, small HDL class, and HDL 10 subfraction 
at T2 versus IL-6 and T lymphocyte populations in subgroup 1. IL: interleukin; rs: Spearman’s correlation 
coefficient. Significant values are in bold.
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IL-6 can lead to the onset of autoimmune diseases (AD)32. Moreover, we previously found significantly higher 
levels of serum IL-6 in TET patients with AD compared to TET patients without AD suggesting a role of this 
cytokine in sustaining these diseases5. Therefore, the inverse association between small HDL class and HDL 
10 subfraction versus IL-6, observed in this study, suggests these parameters as useful potential markers for 
the identification of patients at increased risk of inflammatory complications and/or AD. A study limitation is 
represented by the lack of comparisons between the different types of TET due to the limited number of patients 
in each group. Furthermore, it was not possible to study the trend of HDL subfractions in healthy subjects since 
most of the population had already started the COVID-19 vaccination cycle and the baseline sample was not 
available. Finaly, there is a lack of data regarding dietary or physical activity, since we did not recommend any 
specific regimen during the study period.

Methods
Study design and participants
The study was approved by the Ethics Committee of our institution (#76.21). Forty-five patients affected by TET 
(median age: 55 years, interquartile range (IQR): 4–65, 17 males), referred to the Regional Coordination Center 
for Rare Tumors of the Campania Region (Federico II University Hospital of Naples) from April to November 
2021, were prospectively enrolled. Study inclusion criteria (reported in a previous study10 that evaluated the 
humoral and cellular response to the vaccine11,33), were: age greater or equal to 18 years, histological diagnosis of 
TET or thymic carcinoma (biopsy or surgical specimen); and known status (presence vs absence) of autoimmune 
disorders. Immune-related disorders were diagnosed according to national guidelines34, using the following 
criteria. Severe immunodeficiency: hypogammaglobulinemia, low or absent B cells, abnormal CD4/CD8 T-cell 
ratio, CD4 T-cell lymphopenia, and impaired T-cell mitogenic responses, associated with increased susceptibility 
to infections due to encapsulated bacteria, fungi, or viruses. Myasthenia gravis (MG): antibodies directed against 
postsynaptic antigens (acetylcholine receptor, muscle-specific kinase, or LRP4), with or without clinical signs 
such as ptosis, diplopia, or limb/bulbar muscle weakness. All patients were enrolled at baseline, before the first 
dose of COVID-19 mRNA vaccine (BNT162b2 from Pfizer-BioNTech). SARS-CoV-2 infection was not found in 
any of the patients until T2. Serum biomarkers were assessed at two time points, i.e., baseline (T0) and 1 month 
after the second dose (T2). We next divided the patients into two subgroups: subgroup 1, patients that showed a 
significant decrease of serum small HDL class and/or HDL 10 subfraction at T2 as compared to baseline values; 
subgroup 2, patients that did not show significant variations of these parameters.

Biochemical parameters
Serum HDL levels were measured by an automated biochemistry analyzer (Architect ci 16200 Integrated 
System, Abbott Diagnostics, Rome, Italy) using specific commercial kits (Abbott Diagnostics, Rome, Italy). For 
all patients, samples collected at T0 and T2 were analyzed in the same laboratory. Interleukin (IL)-6 levels were 
analyzed by automated microfluidic immunoassay cartridges on the ProteinSimple Ella (Bio-Techne), and the 
results were previously described11. The analysis of HDL subfractions was performed by polyacrylamide gel 
electrophoresis using the Quantimetrix kit (Quantimetrix Corp., CA, USA). In brief, serum (25 μL) was added 
to the precast high-resolution polyacrylamide gel tubes along with Lipoprint HDL Loading Gel solution (300 
μL). After mixing, the tubes were photopolymerized at room temperature for 30 min. Electrophoresis with tubes 
containing sera samples was performed at a constant of 3 mA/tube for 50 min. Then, the tubes were scanned 
and analyzed using the Lipoprint LDL/HDL subfractions system. Subfraction lanes were identified by their 
mobility using low-density lipoproteins (LDL)  + very-low-density lipoproteins (VLDL) as the starting reference 
point (LDL/VLDL = 0) and albumin as the ending reference point (Albumin = 1). The HDL subfractions were 
differentiated between LDL/VLDL and albumin peaks and the ten HDL subfractions were grouped into Large 
(from HDL-1 to HDL-3), Intermediate (from HDL-4 to HDL-7) and Small (from HDL-8 to HDL-10) classes. 
Although this kit is currently validated for research analysis only, it allows to resolve HDL in ten subfraction 
relative to particle size35. Lymphocyte populations were analyzed by multicolor flow cytometry (Facs Canto 
II; Becton Dickinson); the gating strategy was as previously described23,36,37. In brief, lymphocytes were gated 
based on CD45 vs. SSC-A, and this population was used to identify T lymphocytes (CD45+, CD3+). Within 
this subset, T helper (TH) and cytotoxic T cells were defined as CD3+, CD4+ and CD3+, CD8+, respectively. 
Naïve and memory T cells were characterized by CD45RA+ and CD45RO+ expression, respectively. Regulatory 
T cells were identified as CD3+, CD4+, CD25+, CD127− . Activated T lymphocytes were defined within the 
lymphocyte gate (CD45 vs. SSC-A) as CD3+, HLA-DR+. Among TH cells (CD3+, CD4 +), TH17 and TH1 
subsets were identified as CCR6+, CXCR3− and CCR6− , CXCR3+, respectively, while their activated forms were 
determined by CD38+ and HLA-DR+ expression.

Statistical analyses
Continuous parametric and non-parametric data were reported as average (standard deviation) and median 
(IQR), respectively. The Shapiro–Wilk test was applied to evaluate the normality of the distributions. Paired 
comparisons were evaluated using the paired t test and Wilcoxon test, as appropriate. Comparisons between 
two groups of independent samples were evaluated by the Mann–Whitney U test. Categorical data have been 
reported as number and percentage, and the comparisons were evaluated by Chi-square test. The correlations 
between variables were assessed using Spearman correlation analysis. Statistical analyses were performed by 
SPSS (version 28, IBM SPSS Statistics). Graphing was performed using Graph Pad Prism 8 Software (GraphPad 
Software, San Diego, CA, USA). p values < 0.05 were considered significant.
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Data availability
The datasets used and analysed during the current study are available from the corresponding author on rea-
sonable request.

Received: 11 February 2025; Accepted: 28 November 2025

References
	 1.	 Sahin, U. et al. BNT162b2 vaccine induces neutralizing antibodies and poly-specific T cells in humans. Nature 595, 572–577 

(2021).
	 2.	 Haas, E. J. et al. Impact and effectiveness of mRNA BNT162b2 vaccine against SARS-CoV-2 infections and COVID-19 cases, 

hospitalisations, and deaths following a nationwide vaccination campaign in Israel: An observational study using national 
surveillance data. Lancet 397, 1819–1829 (2021).

	 3.	 Ostrowski, S. R. et al. Inflammation and platelet activation after COVID-19 vaccines—Possible mechanisms behind vaccine-
induced immune thrombocytopenia and thrombosis. Front. Immunol. 12, 779453 (2021).

	 4.	 Marx, A. et al. The 2021 WHO classification of tumors of the thymus and mediastinum: What is new in thymic epithelial, germ 
cell, and mesenchymal tumors?. J. Thorac. Oncol. 17, 200–213 (2022).

	 5.	 Malfitano, A. M. et al. Immunological signature of patients with thymic epithelial tumors and good syndrome. Front. Immunol. 13, 
908453 (2022).

	 6.	 Zhao, C. & Rajan, A. Immune checkpoint inhibitors for treatment of thymic epithelial tumors: how to maximize benefit and 
optimize risk?. Mediastinum 3, 35 (2019).

	 7.	 Pietroluongo, E. et al. Multidisciplinary approach for rare thoracic tumors during COVID-19 pandemic. Mediastinum 7, 8 (2023).
	 8.	 Pietroluongo, E. et al. Impaired seroconversion after severe acute respiratory syndrome coronavirus 2 mRNA vaccine in patients 

with thymic epithelial tumors. J. Thorac. Oncol. 18, 1399–1407 (2023).
	 9.	 Ballman, M. et al. Tolerability of coronavirus disease 2019 vaccines, BNT162b2 and mRNA-1273, in patients with thymic epithelial 

tumors. JTO Clin. Res. Rep. 2, 100229 (2021).
	10.	 Cernera, G. et al. Immunocytometric analysis of patients with thymic epithelial tumors revealed that COVID-19 vaccine booster 

strongly enhanced the immune response. Front. Immunol. 14, 1233056 (2023).
	11.	 Cernera, G. et al. Serum biomarkers of inflammation and vascular damage upon SARS-Cov-2 mRNA vaccine in patients with 

thymic epithelial tumors. Clin. Chem. Lab. Med. 62, 1198–1205 (2024).
	12.	 Macpherson, M. E. et al. Impaired HDL function amplifies systemic inflammation in common variable immunodeficiency. Sci. 

Rep. 9, 9427 (2019).
	13.	 Jorgensen, S. F. et al. Disturbed lipid profile in common variable immunodeficiency—A pathogenic loop of inflammation and 

metabolic disturbances. Front. Immunol. 14, 1199727 (2023).
	14.	 Caterino, M. et al. Dysregulation of lipid metabolism and pathological inflammation in patients with COVID-19. Sci. Rep. 11, 2941 

(2021).
	15.	 Femlak, M., Gluba-Brzozka, A., Cialkowska-Rysz, A. & Rysz, J. The role and function of HDL in patients with diabetes mellitus and 

the related cardiovascular risk. Lipids Health Dis. 16, 207 (2017).
	16.	 Chang, C. K. et al. The sizes and composition of HDL-cholesterol are significantly associated with inflammation in rheumatoid 

arthritis patients. Int. J. Mol. Sci. 24, 10645 (2023).
	17.	 Giannattasio, A. et al. Serum HDL and their subfractions are impaired in multisystem inflammatory syndrome in children 

(MIS-C). J. Transl. Med. 23, 99 (2025).
	18.	 Herve, C., Laupeze, B., Del Giudice, G., Didierlaurent, A. M. & Tavares Da Silva, F. The how’s and what’s of vaccine reactogenicity. 

NPJ Vaccines 4, 39 (2019).
	19.	 Hamilton, F., Pedersen, K. M., Ghazal, P., Nordestgaard, B. G. & Smith, G. D. Low levels of small HDL particles predict but do not 

influence risk of sepsis. Crit. Care 27, 389 (2023).
	20.	 Harslof, M., Pedersen, K. M., Afzal, S., Davey Smith, G. & Nordestgaard, B. G. Lower levels of small HDL particles associated with 

increased infectious disease morbidity and mortality: A population-based cohort study of 30 195 individuals. Cardiovasc. Res. 119, 
957–968 (2023).

	21.	 Severa, M. et al. A specific anti-COVID-19 BNT162b2 vaccine-induced early innate immune signature positively correlates with 
the humoral protective response in healthy and multiple sclerosis vaccine recipients. Clin. Transl. Immunol. 12, e1434 (2023).

	22.	 Trougakos, I. P. et al. Adverse effects of COVID-19 mRNA vaccines: The spike hypothesis. Trends Mol. Med. 28, 542–554 (2022).
	23.	 Cacciapuoti, S. et al. Immunocytometric analysis of COVID patients: A contribution to personalized therapy?. Life Sci. 261, 

118355 (2020).
	24.	 Gelzo, M. et al. MIS-C: A COVID-19-as sociated condition between hypoimmunity and hyperimmunity. Front. Immunol. 13, 

985433 (2022).
	25.	 Gelzo, M. et al. Biomarkers of endothelial damage in distinct phases of multisystem inflammatory syndrome in children. 

Metabolites 12, 680 (2022).
	26.	 Vignali, D. A., Collison, L. W. & Workman, C. J. How regulatory T cells work. Nat. Rev. Immunol. 8, 523–532 (2008).
	27.	 Ballout, R. A. et al. The NIH lipo-COVID study: A pilot NMR investigation of lipoprotein subfractions and other metabolites in 

patients with severe COVID-19. Biomedicines 9, 1090 (2021).
	28.	 Ansell, B. J., Fonarow, G. C. & Fogelman, A. M. The paradox of dysfunctional high-density lipoprotein. Curr. Opin. Lipidol. 18, 

427–434 (2007).
	29.	 Chien, J. Y., Jerng, J. S., Yu, C. J. & Yang, P. C. Low serum level of high-density lipoprotein cholesterol is a poor prognostic factor 

for severe sepsis. Crit. Care Med 33, 1688–1693 (2005).
	30.	 Bauer, R., Brune, B. & Schmid, T. Cholesterol metabolism in the regulation of inflammatory responses. Front. Pharmacol. 14, 

1121819 (2023).
	31.	 Chidambaram, V. et al. Association of lipid levels with COVID-19 infection, disease severity and mortality: A systematic review 

and meta-analysis. Front. Cardiovasc. Med. 9, 862999 (2022).
	32.	 Jones, B. E., Maerz, M. D. & Buckner, J. H. IL-6: a cytokine at the crossroads of autoimmunity. Curr. Opin. Immunol. 55, 9–14 

(2018).
	33.	 Cortese, P. et al. The immune response to SARS-CoV-2 vaccine in a cohort of family pediatricians from southern Italy. Cells 12, 

1447 (2023).
	34.	 ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​a​i​o​​m​.​​i​t​/​r​a​​c​c​o​m​a​n​​d​a​z​i​o​​​n​i​-​2​​0​2​​0​​-​s​u​-​​t​u​​m​o​r​i​-​e​p​i​t​e​l​​i​a​l​​i​-​d​e​l​​-​t​i​m​o​-​t​e​t​/
	35.	 Davidson, W. S., Cooke, A. L., Swertfeger, D. K. & Shah, A. S. The difference between high density lipoprotein subfractions and 

subspecies: An evolving model in cardiovascular disease and diabetes. Curr. Atheroscler. Rep. 23, 23 (2021).
	36.	 Scalia, G. et al. Cytometric analysis of patients with COVID-19: What is changed in the second wave?. J. Transl. Med. 19, 403 

(2021).
	37.	 Scalia, G. et al. Lymphocyte population changes at two time points during the acute period of COVID-19 infection. J. Clin. Med. 

11, 4306 (2022).

Scientific Reports |         (2026) 16:1618 6| https://doi.org/10.1038/s41598-025-30970-x

www.nature.com/scientificreports/

https://www.aiom.it/raccomandazioni-2020-su-tumori-epiteliali-del-timo-tet/
http://www.nature.com/scientificreports


Acknowledgements
The authors would like to acknowledge the European Reference Network (ERN-EURACAN) as a powerful re-
source for transnational collaboration in rare cancers. Clinical research activities were performed by E.P. and 
P.D.P. within the PhD Program in Advanced Biomedical and Surgical Therapies at Department of Clinical Med-
icine and Surgery, University “Federico II”, Naples, Italy. Laboratory research activities were performed by G.Ce. 
and M.Ge. at CEINGE-advanced biotechnologies.

Author contributions
Design of the work: G.Ce, G.Ca. and M.Ge.; Methodology, investigation and data analysis: G.Ce., P.d.P., E.P., 
M.T.; Manuscript writing and validation: G.Ce., G.P., M.Gi., G.Ca. and M.Ge. All authors read and approved the 
final manuscript.

Funding
This work was supported by the Italian Ministry of University and Research (PRIN 2020, code 20209TB4AX).

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics 
Committee of the University Federico II of Naples (#76.21). Informed consent was obtained from all 
participants.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​3​0​9​7​0​-​x​​​​​.​​

Correspondence and requests for materials should be addressed to G.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2025 

Scientific Reports |         (2026) 16:1618 7| https://doi.org/10.1038/s41598-025-30970-x

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-30970-x
https://doi.org/10.1038/s41598-025-30970-x
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Serum HDL subfractions are impaired by COVID-19 vaccine in patients with thymic epithelial tumors
	﻿Results
	﻿Discussion
	﻿Methods
	﻿Study design and participants
	﻿Biochemical parameters
	﻿Statistical analyses

	﻿References


