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Younger age is associated with 
cardiovascular pathological 
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Introduction: COVID-19 affects patients of all ages. There are few autopsy studies 
focusing on the younger population. We assessed an autopsy cohort aiming to 
understand how age influences pathological outcomes in fatal COVID-19.

Methods: This study included autopsied patients, aged 6  months to 83  years, 
with confirmed COVID-19  in 2020–2021. We  collected tissue samples from 
deceased patients using a minimally invasive autopsy protocol and assessed 
pathological data following a systematic approach.

Results: Eighty-six patients were included, with a median age of 55  years 
(IQR 32.3–66.0). We showed that age was significantly lower in patients with 
acute heart ischemia (p  =  0.004), myocarditis (p  =  0.03) and lung angiomatosis 
(p  <  0.001), and significantly higher in patients with exudative diffuse alveolar 
damage (p  =  0.02), proliferative diffuse alveolar damage (p  <  0.001), lung 
squamous metaplasia (p  =  0.003) and lung viral atypia (p  =  0.03), compared to 
patients without those findings. We stratified patients by their age and showed 
that cardiovascular findings were more prevalent in children and young adults. 
We  performed principal component analysis and cluster of pathological 
variables, and showed that cardiovascular variables clustered and covariated 
together, and separated from pulmonary variables.

Conclusion: We showed that age modulates pathological outcomes in fatal 
COVID-19. Younger age is associated with cardiovascular abnormalities and 
older age with pulmonary findings.

KEYWORDS

children, MIS-C, myocarditis, pathology, SARS-CoV-2

1 Introduction

COVID-19 affects patients of all ages. Up to early September 2022, the COVID-19 
pandemic had affected more than 500 million individuals. Brazil occupied the third place 
among countries with the highest number of cases (more than 30 million cases), following the 
USA and India; and the second position in number of deaths attributed to COVID-19, with 
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more than 650 thousand deaths. In Brazil, as in the rest of the world, 
deaths attributed to COVID-19 occur mainly in people over 60 years 
of age (1). Morbi-mortality increases with age, especially among the 
elderly, as they have greater prevalence of comorbidities, more 
extensive pulmonary disease and higher levels of inflammatory 
biomarkers (2–4).

Children represent a small fraction of COVID-19 cases. They were 
no more than 2% of laboratory-confirmed patients in early pandemic, 
but have increased in proportion after wide-spread testing, 
representing 8.5–13.5% of total global cases (5). In general, children 
are either asymptomatic or present with mild symptoms, such as 
cough and fever (5, 6). Hospitalization is uncommon and ICU 
admission rates are very low (7). In addition to the small prevalence 
of comorbidities, other mechanisms may explain differences in 
severity and incidence of COVID-19 in children compared to adults, 
such as angiotensin-converting enzyme-2 (ACE2) expression, efficient 
innate immune response, trained immunity and less lymphoid 
depletion (5, 8). However, although far less frequent, children and 
young adults may also present with severe disease (9).

During the pandemic, autopsy studies have helped us understand 
the morphological bases of clinical manifestations in COVID-19. The 
main pathological findings in the lungs are different phases of diffuse 
alveolar damage (DAD) (acute, fibroproliferative and/or fibrosis) with 
significant epithelial cytopathic effects, and vascular damage, mainly 
represented by microthrombosis and capillary angiomatosis (10).

COVID-19 also frequently affects other systems, such as 
cardiovascular, renal, endocrine, neurological and gastrointestinal 
(11). Extrapulmonary abnormalities may be remarkable at autopsy, 
often secondary to previous diseases or to refractory hypoxemia, 
systemic inflammation and shock, which significantly contribute to 
the high morbidity of COVID-19 (11). Occasionally, extrapulmonary 
damage may be directly attributed to SARS-CoV-2 infection, with 
detection of viral RNA and antigens in tissues. For example, SARS-
CoV-2-induced myocarditis and thrombi in the myocardial vascular 
bed have been frequently described among severe cases and are 
associated with higher mortality (12). Clinical presentations of 
COVID-19 with predominant cardiovascular manifestations have 
been defined as Acute COVID-19 Cardiovascular Syndrome (13, 14). 
In the particular presentation of multisystem inflammatory syndrome 
in children (MIS-C) and in adults (MIS-A), SARS-CoV-2 infection 
can induce an atypical clinical-pathological picture, in which the 
extrapulmonary damage is more prominent than that observed in the 
lungs, with myocarditis, pericarditis, encephalitis, gastrointestinal 
manifestations and mucocutaneous disease (15, 16). Yet, the pathology 
of visceral lesions in these COVID-19-associated syndromes is 
poorly described.

Most autopsy studies of COVID-19 include only adult patients, 
mostly elderly, with scarce data on pathological findings among 
children and adolescents with severe disease (17–19). We  have 
previously analyzed the autopsy of five children that died of COVID-
19, two of them with severe acute respiratory disease and DAD, and 

three patients with MIS-C with the involvement of several organs, 
including the heart, intestine and central nervous system (17). The 
presence of SARS-CoV-2  in several organs of those children, 
associated with cellular ultrastructural changes, suggested that a direct 
effect of SARS-CoV-2 on tissues may be involved in the pathogenesis 
of MIS-C.

No autopsy studies have evaluated the morphological presentation 
of fatal COVID-19 within a broad age spectrum. Since age may 
influence the clinical presentation of severe COVID-19, our 
hypothesis is that it affects the disease’s pathology as well. In this study, 
we aimed to understand how age influences pathological outcomes in 
fatal COVID-19. To do so, we evaluated a cohort of 86 patients who 
died of COVID-19, aged 6 months to 83 years, and assessed the 
associations of age with pulmonary and cardiovascular 
pathological findings.

2 Materials and methods

This study was approved by the HC-FMUSP Ethical Committee 
and Institutional Review Board (protocol number 3.951.904). Patients’ 
next-of-kin gave written consent for the autopsy procedure. The 
investigation conforms with the principles outlined in the Declaration 
of Helsinki.

This is an autopsy cohort study that started on March, 18th 2020, 
aiming to study the pathology of COVID-19 on deceased patients 
referred to the central morgue of the city of São Paulo – the Death 
Verification Service at the University of São Paulo.

2.1 Patients

From March to December 2020, 4,633 patients with confirmed 
COVID-19 were hospitalized in our institution, with 1,573 deaths 
(34% mortality rate). From these, we performed 80 autopsies that were 
requested by the HC-FMUSP clinical staff; all of them were included 
in the study, comprising patients with the classic presentation of 
respiratory failure, and also those with complications or different 
presentations of the disease, such as MIS-C and MIS-A. To increase 
our sample of younger patients, we also included all the six autopsies 
from patients with age < 40y who died in 2021 (total = 86 patients). The 
confirmed cases of COVID-19 were defined according to the World 
Health Organization: cases with molecular confirmation of SARS-
CoV-2 infection, regardless of clinical signs, through RNA detection 
in premortem or postmortem nasopharyngeal/oropharyngeal swab, or 
postmortem sampled tissues by real-time reverse-transcription 
polymerase chain reaction (rRT-PCR) (20).

We reviewed patients’ medical records to retrieve information 
about their age, sex, past medical history, body mass index and 
interval from first symptoms to death. MIS-C and MIS-A were defined 
according to the Centers for Disease Control and Prevention (21, 22).

2.2 Autopsies and microscopic analysis

For safety reasons, during the COVID-19 pandemic in 2020 and 
2021, we performed ultrasound-guided minimally invasive autopsies 
(MIA-US), and our protocol is described in details elsewhere (10, 23). 

Abbreviations: ACE2: angiotensin-converting enzyme-2;; DAD: diffuse alveolar 

damage;; MIA-US: ultrasound-guided minimally invasive autopsy;; MIS-C: 

multisystem inflammatory syndrome in children;; MIS-A: multisystem inflammatory 

syndrome in adults;; PC: principal components;; PCA: principal components 

analysis, rRT-PCR: real-time reverse-transcription polymerase chain reaction.
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All autopsies were conducted by physicians from the Pathology 
Department of the University of São Paulo, and the procedures were 
performed at the HC-FMUSP Research Center Imaging Platform in 
the Autopsy Room.1 All autopsies were performed within a post-
mortem period of less than 24 h. We used portable SonoSite M-TurboR 
(Fujifilm, Bothell, Washington) US equipment with C60x (5–2 MHz 
Convex) multifrequency broadband transducers and generation of 
Digital Imaging and Communications in Medicine standard images. 
We collected tissue specimens from the lungs, heart, brain, kidneys, 
liver and spleen, and occasionally from other organs. They were fixed 
with formalin and embedded in paraffin. Fresh lung tissue samples 
were frozen immediately after collection to perform rRT-PCR for 
SARS-CoV-2 detection. Hematoxylin–eosin staining was routinely 
performed for all tissues; other stains were performed when necessary, 
mainly for identification of secondary infections. 
Immunohistochemistry, electron microscopy and tissue rRT-PCR 
were performed on selected cases to confirm the diagnosis of 
COVID-19 when it was not confirmed ante-mortem (23).

Histopathological examination was performed by a team of 
pathologists (ANDN, LFFS, TM, PHNS, and MD) with large 
experience in autopsy and pulmonary pathology, following a 
systematic approach for histopathological tissue assessment. 
We pre-specified pathological alterations for each organ to be classified 
as absent/present or as absent/moderate/severe. Criteria for 
classification of pulmonary and acute/subacute cardiac alterations 
were described in detail in previous published papers (10, 24), and can 
be  summarized as follows: (a) exudative diffuse alveolar damage 
(DAD): interstitial and/or intra-alveolar edema, interstitial 
pneumonitis, alveolar hemorrhage, intra-alveolar fibrin deposition/
hyaline membranes, and type II pneumocyte hyperplasia; (b) 
proliferative DAD: variable degree of fibroblastic proliferation within 
the interstitium and/or alveolar spaces, including loose aggregates of 
fibroblasts admixed with scattered inflammatory cells, collagen 
deposition, densely fibrotic areas, admixed with areas with hyaline 
membranes; (c) squamous metaplasia: squamous epithelial lining in 
alveolar spaces; (d) viral atypia: viral cytopathic effects in 
pneumocytes; (e) vascular thrombosis: thrombosis in small and 
medium pulmonary arteries; (f) “cystic” alterations: honeycomb 
pattern in pulmonary areas with interstitial fibrosis; (g) angiomatoid 
pattern: expanded alveolar septa due to capillary filled with fibrinous 
microthrombi (25); (h) heart acute ischemia: variable areas of 
cardiomyocytes with hyaline degeneration, advanced nuclear 
karyolysis, and interstitial edema (26); (i) myocarditis: interstitial 
myocardial infiltrate by mononuclear cells and/or polymorphonuclear 
cells; (j) heart thrombosis: thrombi in small and medium heart 
vessels (27).

2.3 Statistical analysis

We described data as frequencies for qualitative data and median/
interquartile-range for quantitative data when the distribution was 
not normal.

1 https://pisa.hc.fm.usp.br/

To assess if age was associated with pathological findings, 
we compared the age of patients with and without each pathological 
outcome using Wilcoxon rank-sum test, given non-parametric 
distributions. When the outcome was classified as absent, moderate 
and severe, we compared the age of these three groups using Kruskal-
Wallis test. We also stratified patients by age group: children (≤19y), 
young adults (20–39y), adults (40-59y) and elderly (≥ 60y). As young 
adulthood does not have a universal definition, we opted for a wider 
age range definition, previously used elsewhere (28) in order to 
increase our sample and to keep a 20-year interval between each age 
group. We compared frequencies of pathological findings between 
different age groups using Fisher exact test.

We performed principal component analysis (PCA) and 
hierarchical clustering on pulmonary and heart pathological variables 
to try to understand intrinsic patterns in pathological data and 
summarize them. We then investigated if age correlates independently 
with the principal components of pathological variables after adjusting 
for other clinical-demographic variables, by performing three multiple 
linear regression models with first, second and third principal 
components (PC1, PC2 and PC3) as the dependent (outcome) 
variables and clinical-demographic variables as independent 
(explanatory) variables.

The software R version 4.1.2 was used for all statistical analysis. All 
data are available with the corresponding author based on 
reasonable requests.

3 Results

3.1 Demographic and clinical 
characteristics

Eighy-six patients were included in this study, with a median age 
of 55 years (32.3–66.0). Among them, there were 7 (8.1%) children 
(≤19y), 19 (22.1%) young adults (20–39y), 22 (25.6%) adults (40-59y) 
and 38 (44.2%) elderly (≥ 60y). Forty-three (50.0%) patients were 
women; four (4.7%) of them were pregnant on admission and had 
deliveries during hospitalization. They had a median body mass index 
of 25.9 (22.7–29.4) and had a median disease duration of 22 (12–31) 
days. The most frequent comorbidities were hypertension (40; 46.5%) 
and diabetes mellitus (23; 26.7%). These comorbidities were more 
prevalent in older patients; the youngest patient with hypertension 
was 27 years-old and the youngest diabetic patient was 33 years-old. 
Twenty-one (24.4%) patients had chronic heart disease, predominantly 
of hypertensive and ischemic etiology; one child and one young adult 
had congenital heart disease; 11 (12.8%) patients had previous 
vascular disease including cerebrovascular disease, peripheral artery 
disease or thromboembolic events. Among the seven children, four 
were previously healthy, one had Edwards Syndrome with patent 
foramen ovale and muscular ventricular septal defects, one had 
adrenal carcinoma, and one patient had juvenile dermatomyositis on 
steroids and immunosuppressive medication.

Most patients were hospitalized due to respiratory failure and died 
of severe COVID-19 pneumonia, refractory to mechanical ventilation, 
and with multiple organ failure. Four (4.4%) children met criteria for 
MIS-C and two (2.3%) young adults met criteria for MIS-A. All 
patients received intensive care. Table  1 shows the demographic, 
clinical and pathological data.
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TABLE 1 Demographic, clinical and pathological characteristics of patients that died of COVID-19 and were submitted to autopsy.

Demographic and 
clinical characteristics

Children (n =  7) Young Adults 
(n =  19)

Adults (n =  22) Elderly (n =  38) Total (n =  86)

Age (y) 11 (8.0–15.5) 32 (22–35) 55.5 (46–54.8) 67.5 (64–74) 55 (32.25–66.0)

Female sex 6 (85.7%) 12 (63.2%) 9 (40.9%) 16 (42.1%) 43 (50.0%)

Puerperal women 0 4 (21.1%) 0 0 4 (4.7%)

Body mass index (kg/m2) 21.4 (17.6–24.9) 26 (24.7–29.4) 28.0 (23.9–29.6) 24.2 (22.7–28.2) 25.9 (22.7–29.4)

Interval symptoms-to-death (days) 10 (6–18) 24.5 (16.3–45.0) 24 (16–28.8) 19 (11.3–31.5) 22 (12–31)

Hypertension 0 2 (10.5%) 11 (50.0%) 27 (71.1%) 40 (46.5%)

Diabetes 0 2 (10.5%) 6 (27.3%) 15 (39.5%) 23 (26.7%)

Smoking 0 3 (15.8%) 4 (18.2%) 14 (36.8%) 21 (24.4%)

Chronic Heart Disease 1 (14.3%) 3 (15.8%) 4 (18.2%) 13 (34.2%) 21 (24.4%)

Immunosuppression 2 (28.6%) 5 (26.3%) 8 (36.4%) 1 (2.6%) 16 (18.6%)

Previous vascular diseases 1 (14.3%) 2 (10.5%) 2 (9.1%) 6 (15.8%) 11 (12.8%)

Neoplasia 1 (14.3%) 2 (10.5%) 4 (18.2%) 3 (7.9%) 10 (11.6%)

Chronic kidney disease 0 1 (5.3%) 4 (18.2%) 1 (2.6%) 6 (7.0%)

Chronic obstructive pulmonary 

disease

0 0 1 (4.5%) 4 (10.5%) 5 (5.8%)

Pathological findings Children Young adults Adults Elderly Total

Lungs n = 7 n = 19 n = 22 n = 37 n = 85

Acute diffuse alveolar damage

  Severe 4 (57.1%) 7 (36.8%) 11 (50.0%) 23 (62.2%) 45 (45.9%)

  Moderate 1 (14.3%) 12 (63.2%) 11 (50.0%) 14 (37.8%) 38 (44.7%)

  None 2 (28.6%) 0 0 0 2 (2.4%)

Proliferative diffuse alveolar damage

  Severe 1 (14.3%) 6 (31.5%) 11 (50.0%) 21 (56.8%) 39 (45.9%)

  Moderate 0 6 (31.5%) 8 (36.4%) 13 (35.1%) 27 (31.8%)

  None 6 (85.7%) 7 (36.8%) 3 (13.6%) 3 (8.1%) 19 (22.4%)

Squamous metaplasia

  Severe 1 (14.3%) 1 (5.3%) 5 (22.7%) 11 (29.7%) 18 (21.2%)

  Moderate 0 2 (10.5%) 1 (4.5%) 8 (21.6%) 11 (12.9%)

  None 6 (85.7%) 16 (84.2%) 16 (72.7%) 18 (48.6%) 56 (65.9%)

Viral atypia

  Severe 3 (42.9%) 9 (47.4%) 17 (77.3%) 28 (75.7%) 57 (67.1%)

  Moderate 4 (57.1%) 9 (47.4%) 5 (22.7%) 9 (24.3%) 27 (31.8%)

  None 0 1 (5.3%) 0 0 1 (1.2%)

Vascular thrombosis

  Severe 3 (42.9%) 8 (42.1%) 8 (36.4%) 14 (37.8%) 33 (38.8%)

  Moderate 1 (14.3%) 3 (15.8%) 4 (18.2%) 12 (32.4%) 20 (23.5%)

  None 3 (42.9%) 8 (42.1%) 10 (45.5%) 11 (29.7%) 32 (37.6%)

“Cystic” formation 1 (14.3%) 2 (10.5%) 4 (18.2%) 6 (16.2%) 13 (15.5%)

Angiomatoid pattern 2 (28.6%) 9 (47.4%) 2 (9.1%) 1 (2.7%) 14 (16.7%)

Heart n = 7 n = 18 n = 22 n = 37 n = 84

Acute ischemia 4 (57.1%) 10 (52.6%) 7 (31.8%) 6 (16.2%) 27 (32.1%)

Myocarditis 4 (57.1%) 4 (21.1%) 4 (18.2%) 5 (13.5%) 17 (20.2%)

Thrombus 1 (14.3%) 4 (21.1%) 1 (4.5%) 3 (8.1%) 9 (10.7%)
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3.2 Association between age and 
pathological findings

Age was significantly lower in patients with acute heart ischemia 
(p = 0.004), myocarditis (p = 0.03) and lung angiomatosis (p < 0.001), 
compared to patients without those findings. Age was significantly 
higher in patients with alveolar squamous metaplasia (p = 0.003), 
exudative diffuse alveolar damage (p = 0.02), proliferative diffuse 
alveolar damage (p < 0.001) and severe viral atypia (p = 0.03) (Figure 1).

Figure  2 shows the frequency of pathological findings in the 
different age groups. Cardiovascular alterations were more prevalent 
in younger groups than in older groups, while pulmonary findings 
were more prevalent and more severe in older groups than in younger 
ones. Despite the differences, in all groups pulmonary findings were 
the predominant ones.

Figure 3 shows representative images of the main histopathological 
findings in the different age groups.

3.3 Multivariable analysis

PCA and hierarchical cluster analysis of pathological variables are 
presented in Figure 4. PC1 was driven by higher prevalence of most 
pulmonary findings and lower prevalence of cardiovascular findings, 
while PC2 was driven by lower prevalence of most cardiovascular 
findings. We stratified patients by age group in PCA plot, showing that 
younger age groups tend to concentrate on the lower-left quadrant 

(lower PC1 and PC2), which is the one with the lowest median age. 
Hierarchical cluster analysis of pathological variables showed that 
cardiovascular findings tend to cluster together while pulmonary ones 
do the same.

We then evaluated if age independently correlates with 
pathological findings after adjusting for other clinical-demographic 
variables. We extracted from PCA the first three PCs (PC1, PC2 and 
PC3), which are variables that summarize the pathological findings, 
and performed multivariable linear regression models using PCs as 
dependent (outcome) variable and clinical-demographic 
characteristics as independent (explanatory) variables. Age was the 
only explanatory variable that independently correlated with PC1. 
Neoplasia had a borderline correlation with PC2 and pregnancy 
independently correlated with PC3. Linear models are presented in 
Table 2.

4 Discussion

We showed that age influences pathological findings in fatal cases 
of COVID-19. Younger age is mostly associated with cardiovascular 
findings while older age is associated with pulmonary changes. This is 
the first COVID-19 autopsy study to assess the whole age spectrum, 
including young adults and children.

Age has a big impact in a large set of physiological processes, 
including immune response to infections, and literature on its 
impact on COVID-19 clinical outcomes is extensive (2, 3). 

FIGURE 1

Pathological findings by age. Legend: Boxplots comparing age between groups with different pathological findings. 3-group comparisons used 
Kruskal-Wallis. 2-group comparisons used Wilcoxon-sum rank. DAD  =  diffuse alveolar damage. ***  =  p  <  0.001; **  =  p  <  0.01; *  =  p  <  0.05; NS  =  non-
significant.
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Therefore, we  hypothesized that patient’s age would influence 
pathological outcomes in fatal cases. We  showed in bivariate 
analysis that age is associated with multiple individual 
pathological findings. After stratifying by age groups, we could 
also see a significant difference in the frequency of multiple 
pathological abnormalities. Regression models showed that age 
independently correlates with such outcomes (summarized in 
PCs), even after adjusting for other clinical and demographic 
characteristics. These findings show that age, besides being an 
important prognostic factor in the severity of COVID-19, also 
contributes to determining the pathological phenotype.

There are differences in immunopathological mechanisms 
between children and adults, including: lower ACE2 expression in 
nasal epithelium, lower ACE2 to SARS-COV-2 affinity and lower 
TPMRSS2 expression in children; more efficient innate immunity, due 
to trained immunity and better interferon type I response in children; 
stronger adaptive T-cell response in children, with less frequent 
lymphopenia (8, 29–31). Most of these explain less severe cases in 
children, but do not fully explain differences in pathological picture 
among severe cases. There is data showing that even when considering 
severe cases, children show higher serum levels of IL17-A and IFNγ 
(32). Resident memory cells producing these two cytokines have been 
described in the lungs and a protective role for T helper 17 cells has 
been described in pulmonary infections, which could help explain the 
lower rate of pulmonary findings in younger patients (32–34). The 
greater prevalence of comorbidities and reduced physiological reserve 
in older patients may also contribute to explain such results. Children 
also had a shorter duration of disease; however, the symptoms-death 
interval was not associated with pathological outcomes in the 
multivariable analysis.

Cardiovascular abnormalities are frequently reported in 
COVID-19 and associated with worse prognosis (35–37). 

Clinically, they can manifest as heart failure, arrhythmias, shock 
and acute coronary syndromes. Both direct viral effects and 
indirect mechanisms are implicated in acute myocardial injury, 
assessed clinically through troponin levels and heart imaging, and 
histologically, through autopsy (38). Myocarditis and acute 
ischemia are among the most relevant findings that can 
be assessed through pathological examination (39). In our cohort, 
we found myocarditis in 20.2% of the patients and acute ischemia 
in 32.1%. As MIA-US does not allow complete organ examination, 
it is possible that these frequencies were underestimated. There is 
uncertainty on the clinical relevance of those pathological 
findings, since they were not always clinically diagnosed. Most 
patients experienced severe respiratory distress and shock before 
death, and it is difficult to predict the contribution of 
cardiovascular abnormalities in the entire clinical picture. Yet, 
we know from previous studies that cardiovascular injury is a 
prognostic marker in COVID-19 (36, 37). Both myocarditis and 
acute ischemia share inflammatory mechanisms. COVID-19-
associated myocyte necrosis is mainly caused by microthrombi 
with greater fibrin and terminal complement C5b-9 
immunostaining than non-COVID cases (26). These findings 
were more prevalent in children and young adults in our study. A 
metanalysis showed that cardiovascular findings are common in 
pediatric autopsies, and suggested they were more prevalent than 
adult studies (40). It is likely that COVID-19 fatal cases in younger 
patients are related to highly unregulated immune responses, as 
seen in MIS-C, which is a rare complication of COVID-19 with a 
still poor understood pathophysiology (41, 42). Few cases of 
MIS-A have also been reported (43–45). These inflammatory 
syndromes, that are part of the severe COVID-19 spectrum, occur 
more frequently in children and are associated with 
extrapulmonary damage, such as cardiovascular complications, 

FIGURE 2

Pathological findings prevalence in age-groups. Legend: Percent stacked bar plots comparing proportion of pathological findings between age groups. 
Fisher exact test used for comparisons. DAD  =  diffuse alveolar damage.
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which likely contributed to our results (15, 16). However, MIS-C 
and MIS-A are probably not the only explanation for our findings, 
as we reported an increased prevalence of cardiovascular damage 
in the young adult group, among which only two MIS-A 
were described.

We did not find differences between age groups on the prevalence 
of thrombosis, neither in the heart nor in the lungs. The occurrence 
of thrombotic complications is one of the hallmarks of COVID-19, 
with severely ill patients frequently showing abnormal coagulation 
tests and thrombotic disease, especially in the lungs (46–48). Early in 

FIGURE 3

Histopathological findings in COVID-19 related deaths. Legend: Histopathological findings in COVID-19 related deaths, in different age groups. A to G. 
Typical COVID-19 autopsy findings in elder patients: (A)-Type II pneumocyte with hyperplasia, atypia and multinuclear cells (inset) and interstitial 
mononuclear pneumonia; (B)-Exudative diffuse alveolar damage; (C)-mixed diffuse alveolar damage; (D)-Fibroproliferative diffuse alveolar damage; 
(E)-Organized pulmonary thrombus; (F)-Earlier fibrin thrombus within pulmonary interalveolar septal capillary, and partial necrosis of endothelial layer 
(arrow); (G)-Myocardial fibrosis and cardiomyocyte hypertrophy. (H–P) Some particular autopsy findings in young patients, with fatal COVID-19: (H)- 
Earlier fibrin thrombi within pulmonary septal vessels, intense congestion, alveolar edema and little intra-alveolar fibrin exudation in a child with 
myocarditis and only focal pulmonary lesion; (I)-Angiomatoid pattern observed in interalveolar septa associated with fibrinous microthrombi within 
septal capillaries (arrows) and alveolar edema in a young adult with cardiac failure. (J)- Intra-alveolar cluster of hemosiderin-laden alveolar 
macrophages, stained in blue; (K–N): A 32  year old man without co-morbidities developed severe COVID-19 pneumonia, associated with bronchiolitis 
obliterans with organizing pneumonia (K). This patient evolved to severe cardiac dysfunction, and the heart samples showed subacute subepicardial 
infarction (L, asterisks) associated with coronary thrombosis (L, arrow), intramyocardial arteries with thrombosis (O, arrow), and foci of necrotic 
cardiomyocytes with dystrophic calcification (N, arrow); (O,P): A 11  year old girl with fatal myocarditis (O, asterisks), with foci of cardiomyocytes with 
hyaline necrosis (P, asterisk on upper panel), stained by anti-C4d complement component (P, bottom panel). Staining: A-I, K-O: hematoxylin–eosin; J: 
Perls-Prussian blue; P: immunohistochemistry for C4d. Magnification: A,F: 400X; B,C,D,G,H,I,O: 200X, E,J,K,L,M,N,P: 100X.
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the pandemic, we have described the presence of lung microthrombi 
in a large proportion of autopsies of individuals with fatal COVID-19 
(49). A systematic review has shown that clinical thrombosis is rarer 
in children compared to adults, but still requires clinical surveillance, 
especially in the lungs (50). In the present series, we found a high 
prevalence (63.4%) of lung thrombosis and a lower rate (10.7%) in 
hearts. This prevalence may be underestimated because of the MIA-US 
protocol. Pro-thrombotic mechanisms in the lungs are diverse and 
include both systemic and local processes (48). Our results suggest 
that in very severe cases, these processes are active irrespectively of age.

Our findings may impact patient care. Clinicians facing severe 
cases of COVID-19 in children or young adults should assess their 
cardiac function. In many cases, hemodynamic instability in critical 
patients with COVID-19 is empirically attributed to systemic 
inflammation related to the pulmonary disease, while careful 
examination of other causes of shock, such as cardiogenic, is not 
performed. This assessment could lead to better supportive measures 
and other therapeutic approaches.

This study has some limitations. Laboratory data was not 
available in many cases, especially from the hospital admission of 

patients transferred from lower-complexity hospitals after clinical 
deterioration. This precludes laboratory-pathological correlation. 
Minimally invasive autopsy has limitations regarding tissue 
representation in comparison to conventional autopsy. Tissue 
samples are collected through needle punctures, guided by 
ultrasound analysis, but without direct macroscopic examination. 
This may lead to decreased diagnostic sensitivity for pathological 
findings that are not diffuse throughout organs, especially when 
considering the heart, underestimating the prevalence of some 
findings. To mitigate this issue, we performed multiple punctures 
in each organ and followed a standardized protocol. The small 
number of children compared to other age-groups may limit the 
extrapolation of some findings. We  must consider that most 
children with COVID-19 have a mild or asymptomatic disease; 
therefore, the different pathological presentations reported in this 
study refer only to severe/fatal cases.

In conclusion, we  showed that age modulates pathological 
findings in patients with fatal COVID-19. Younger patients showed 
more cardiovascular abnormalities and less pulmonary changes at 
autopsy compared to older patients. Further research is needed to 

FIGURE 4

Exploratory multivariate analysis of pathological variables. Legend: (A): Principal component analysis (PCA) of pathological variables, eigenvectors 
represent the variables, patients stratified by age group. Child: ≤19y; Young Adult: 20–39y; Adult 40-59y; Elder ≥60y. (B): Boxplot comparing age 
between PCA (A) quadrants. (C): hierarchical cluster of variables. H: Heart; L: Lung; DAD: diffuse alveolar damage.
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explore the mechanisms that could explain these findings. Our results 
may impact younger patients’ care in severe cases by encouraging 
physicians to assess more carefully the cardiac function of 
these patients.
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TABLE 2 Linear multivariable models assessing the association of clinical and demographic characteristics with principal components of pathological 
outcomes.

PC1 PC2 PC3

Variable β SE p-value β SE p-value β SE p-value

Age 0.02 0.004 0.00002 −0.005 0.003 0.12 0.001 0.003 0.72

Male sex 0.04 0.129 0.74 0.05 0.126 0.72 −0.02 0.117 0.88

BMI 0.005 0.010 0.60 −0.004 0.010 0.70 −0.007 0.009 0.44

Hypertension −0.28 0.143 0.054 0.03 0.139 0.82 0.15 0.129 0.25

Pregnancy −0.09 0.277 0.75 −0.12 0.270 0.64 −0.92 0.251 0.0005

Diabetes −0.10 0.167 0.55 0.11 0.163 0.50 −0.05 0.151 0.76

Chronic heart disease 0.15 0.179 0.41 0.02 0.174 0.93 −0.26 0.162 0.11

Smoking −0.17 0.161 0.29 0.10 0.157 0.54 0.12 0.146 0.43

Previous vascular diseases −0.34 0.193 0.08 −0.02 0.188 0.90 0.02 0.175 0.92

Immunosuppression −0.07 0.175 0.70 0.27 0.170 0.11 0.14 0.158 0.37

COPD 0.20 0.277 0.48 0.27 0.269 0.32 −0.06 0.250 0.80

CKD 0.20 0.268 0.46 −0.20 0.260 0.45 −0.08 0.242 0.75

Neoplasia 0.08 0.184 0.68 0.36 0.179 0.049 −0.12 0.167 0.46

Interval symptoms-to-

death

0.0004 0.002 0.86 0.0002 0.002 0.94 −0.002 0.002 0.42

β-Regression coefficient. SE – standard error. PC1, PC2, PC3 – Principal components 1,2 and 3 extracted from Principal Component Analysis. BMI – body mass index. CKD - Chronic kidney 
disease. COPD - Chronic obstructive pulmonary disease.

https://doi.org/10.3389/fmed.2023.1327415
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Giugni et al. 10.3389/fmed.2023.1327415

Frontiers in Medicine 10 frontiersin.org

References
 1. Ministério da Saúde-Brasil. Coronavírus Brasil (2022). Available at: https://covid.

saude.gov.br/ (Acessed September 01, 2022).

 2. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors associated with acute 
respiratory distress syndrome and death in patients with coronavirus disease 2019 
pneumonia in Wuhan, China. JAMA Intern Med. (2020) 180:934–43. doi: 10.1001/
jamainternmed.2020.0994

 3. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for 
mortality of adult inpatients with Covid-19 in Wuhan, China: a retrospective cohort 
study. Lancet. (2020) 395:1054–62. doi: 10.1016/s0140-6736(20)30566-3

 4. Dorjee K, Kim H, Bonomo E, Dolma R. Prevalence and predictors of death and 
severe disease in patients hospitalized due to Covid-19: a comprehensive systematic 
review and Meta-analysis of 77 studies and 38,000 patients. PLoS One. (2020) 
15:e0243191. doi: 10.1371/journal.pone.0243191

 5. Nikolopoulou GB, Maltezou HC. Covid-19 in children: where do we stand? Arch 
Med Res. (2022) 53:1–8. doi: 10.1016/j.arcmed.2021.07.002

 6. Galindo R, Chow H, Rongkavilit C. Covid-19 in children: clinical manifestations 
and pharmacologic interventions including vaccine trials. Pediatr Clin N Am. (2021) 
68:961–76. doi: 10.1016/j.pcl.2021.05.004

 7. Liu C, He Y, Liu L, Li F, Shi Y. Children with Covid-19 behaving milder may 
challenge the public policies: a systematic review and Meta-analysis. BMC Pediatr. 
(2020) 20:410. doi: 10.1186/s12887-020-02316-1

 8. Warner S, Richter A, Stamataki Z, Kelly D. Understanding Covid-19: are children 
the key? BMJ Paediatr Open. (2021) 5:e001063. doi: 10.1136/bmjpo-2021-001063

 9. Cui X, Zhao Z, Zhang T, Guo W, Guo W, Zheng J, et al. A systematic review and 
Meta-analysis of children with coronavirus disease 2019 (Covid-19). J Med Virol. (2021) 
93:1057–69. doi: 10.1002/jmv.26398

 10. Duarte-Neto AN, Monteiro RAA, da Silva LFF, Malheiros D, de Oliveira EP, 
Theodoro-Filho J, et al. Pulmonary and systemic involvement in Covid-19 patients 
assessed with ultrasound-guided minimally invasive autopsy. Histopathology. (2020) 
77:186–97. doi: 10.1111/his.14160

 11. Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat TS, et al. 
Extrapulmonary manifestations of Covid-19. Nat Med. (2020) 26:1017–32. doi: 10.1038/
s41591-020-0968-3

 12. Zheng YY, Ma YT, Zhang JY, Xie X. Covid-19 and the cardiovascular system. Nat 
Rev Cardiol. (2020) 17:259–60. doi: 10.1038/s41569-020-0360-5

 13. Hendren NS, Drazner MH, Bozkurt B, Cooper LT Jr. Description and proposed 
Management of the Acute Covid-19 cardiovascular syndrome. Circulation. (2020) 
141:1903–14. doi: 10.1161/circulationaha.120.047349

 14. Most ZM, Hendren N, Drazner MH, Perl TM. Striking similarities of multisystem 
inflammatory syndrome in children and a myocarditis-like syndrome in adults: 
overlapping manifestations of Covid-19. Circulation. (2021) 143:4–6. doi: 10.1161/
circulationaha.120.050166

 15. Patel P, DeCuir J, Abrams J, Campbell AP, Godfred-Cato S, Belay ED. Clinical 
characteristics of multisystem inflammatory syndrome in adults: a systematic review. 
JAMA Netw Open. (2021) 4:e2126456. doi: 10.1001/jamanetworkopen.2021.26456

 16. Jiang L, Tang K, Levin M, Irfan O, Morris SK, Wilson K, et al. Covid-19 and 
multisystem inflammatory syndrome in children and adolescents. Lancet Infect Dis. 
(2020) 20:e276–88. doi: 10.1016/s1473-3099(20)30651-4

 17. Duarte-Neto AN, Caldini EG, Gomes-Gouvêa MS, Kanamura CT, de Almeida 
Monteiro RA, Ferranti JF, et al. An autopsy study of the Spectrum of severe Covid-19 in 
children: from Sars to different phenotypes of Mis-C. EClinicalMedicine. (2021) 
35:100850. doi: 10.1016/j.eclinm.2021.100850

 18. Dolhnikoff M, Ferreira Ferranti J, de Almeida Monteiro RA, Duarte-Neto AN, 
Soares Gomes-Gouvêa M, Viu Degaspare N, et al. Sars-Cov-2 in cardiac tissue of a child 
with Covid-19-related multisystem inflammatory syndrome. Lancet Child Adolesc 
Health. (2020) 4:790–4. doi: 10.1016/s2352-4642(20)30257-1

 19. Gomes I, Karmirian K, Oliveira JT, Pedrosa C, Mendes MA, Rosman FC, et al. 
Sars-Cov-2 infection of the central nervous system in a 14-month-old child: a case 
report of a complete autopsy. Lancet Reg Health Am. (2021) 2:100046. doi: 10.1016/j.
lana.2021.100046

 20. World Health Organization. Who Covid-19 Case Definition (2022). Available at: 
https://www.who.int/publications/i/item/WHO-2019-nCoV-Surveillance_Case_
Definition-2022.1 (Accessed June 1, 2023).

 21. Center for Disease Control and Prevention. Multisystem Inflammatory Syndrome 
in Adults (Mis-a) Case Definition and Information for Healthcare Providers (2021). 
Available at: https://www.cdc.gov/mis/mis-a/hcp.html (Acessed August 11, 2022).

 22. Centers for Disease Control and Prevention. Information for Healthcare Providers 
About Multisystem Inflammatory Syndrome in Children (Mis-C) (2023). Available at: 
https://www.cdc.gov/mis/mis-c/hcp_cstecdc/index.html (Acesssed May 31, 2023).

 23. Duarte-Neto AN, Ferraz da Silva LF, Monteiro RAA, Theodoro Filho J, Leite T, de 
Moura CS, et al. Ultrasound-guided minimally invasive tissue sampling: a minimally 
invasive autopsy strategy during the Covid-19 pandemic in Brazil, 2020. Clin Infect Dis. 
(2021) 73:S442–53. doi: 10.1093/cid/ciab885

 24. Mauad T, Duarte-Neto AN, da Silva LFF, de Oliveira EP, de Brito JM, do 
Nascimento ECT, et al. Tracking the time course of pathological patterns of lung 
injury in severe Covid-19. Respir Res. (2021) 22:32. doi: 10.1186/s12931-021- 
01628-9

 25. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F, et al. 
Pulmonary vascular Endothelialitis, thrombosis, and angiogenesis in Covid-19. N Engl 
J Med. (2020) 383:120–8. doi: 10.1056/NEJMoa2015432

 26. Pellegrini D, Kawakami R, Guagliumi G, Sakamoto A, Kawai K, Gianatti A, et al. 
Microthrombi as a major cause of cardiac injury in Covid-19: a pathologic study. 
Circulation. (2021) 143:1031–42. doi: 10.1161/circulationaha.120.051828

 27. Almamlouk R, Kashour T, Obeidat S, Bois MC, Maleszewski JJ, Omrani OA, et al. 
Covid-19-associated cardiac pathology at the postmortem evaluation: a collaborative 
systematic review. Clin Microbiol Infect. (2022) 28:1066–75. doi: 10.1016/j.
cmi.2022.03.021

 28. Fidler MM, Gupta S, Soerjomataram I, Ferlay J, Steliarova-Foucher E, Bray F. 
Cancer incidence and mortality among young adults aged 20-39 years worldwide in 
2012: a population-based study. Lancet Oncol. (2017) 18:1579–89. doi: 10.1016/
s1470-2045(17)30677-0

 29. Kapustova L, Petrovicova O, Banovcin P, Antosova M, Bobcakova A, Urbancikova 
I, et al. Covid-19 and the differences in physiological background between children and 
adults and their clinical consequences. Physiol Res. (2021) 70:S209–25. doi: 10.33549/
physiolres.934759

 30. Simon AK, Hollander GA, McMichael A. Evolution of the immune system in 
humans from infancy to old age. Proc Biol Sci. (2015) 282:20143085. doi: 10.1098/
rspb.2014.3085

 31. Netea MG, Domínguez-Andrés J, Barreiro LB, Chavakis T, Divangahi M, Fuchs E, 
et al. Defining trained immunity and its role in health and disease. Nat Rev Immunol. 
(2020) 20:375–88. doi: 10.1038/s41577-020-0285-6

 32. Pierce CA, Preston-Hurlburt P, Dai Y, Aschner CB, Cheshenko N, Galen B, 
et al. Immune responses to Sars-Cov-2 infection in hospitalized pediatric and adult 
patients. Sci Transl Med. (2020) 12:eabd5487. doi: 10.1126/scitranslmed. 
abd5487

 33. Gonzalez Y, Herrera MT, Juárez E, Salazar-Lezama MA, Bobadilla K, Torres M. 
Cd161 expression defines a Th1/Th17 Polyfunctional subset of resident memory T 
lymphocytes in Bronchoalveolar cells. PLoS One. (2015) 10:e0123591. doi: 10.1371/
journal.pone.0123591

 34. Rathore JS, Wang Y. Protective role of Th17 cells in pulmonary infection. Vaccine. 
(2016) 34:1504–14. doi: 10.1016/j.vaccine.2016.02.021

 35. Giustino G, Croft LB, Stefanini GG, Bragato R, Silbiger JJ, Vicenzi M, et al. 
Characterization of myocardial injury in patients with Covid-19. J Am Coll Cardiol. 
(2020) 76:2043–55. doi: 10.1016/j.jacc.2020.08.069

 36. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular implications of 
fatal outcomes of patients with coronavirus disease 2019 (Covid-19). JAMA Cardiol. 
(2020) 5:811–8. doi: 10.1001/jamacardio.2020.1017

 37. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of Cardiac Injury with 
mortality in hospitalized patients with Covid-19 in Wuhan. China JAMA Cardiol. (2020) 
5:802–10. doi: 10.1001/jamacardio.2020.0950

 38. Chung MK, Zidar DA, Bristow MR, Cameron SJ, Chan T, Harding CV 3rd, et al. 
Covid-19 and cardiovascular disease: from bench to bedside. Circ Res. (2021) 
128:1214–36. doi: 10.1161/circresaha.121.317997

 39. Basso C, Leone O, Rizzo S, De Gaspari M, van der Wal AC, Aubry MC, et al. 
Pathological features of Covid-19-associated myocardial injury: a multicentre 
cardiovascular pathology study. Eur Heart J. (2020) 41:3827–35. doi: 10.1093/eurheartj/
ehaa664

 40. Khairwa A, Jat KR. Autopsy findings of Covid-19 in children: a systematic review 
and Meta-analysis. Forensic Sci Med Pathol. (2022) 18:516–29. doi: 10.1007/
s12024-022-00502-4

 41. Greene AG, Saleh M, Roseman E, Sinert R. Toxic shock-like syndrome and 
Covid-19: multisystem inflammatory syndrome in children (Mis-C). Am J Emerg Med. 
(2020) 38:2492.e5–6. doi: 10.1016/j.ajem.2020.05.117

 42. Kabeerdoss J, Pilania RK, Karkhele R, Kumar TS, Danda D, Singh S. Severe 
Covid-19, multisystem inflammatory syndrome in children, and Kawasaki disease: 
immunological mechanisms, clinical manifestations and management. Rheumatol Int. 
(2021) 41:19–32. doi: 10.1007/s00296-020-04749-4

 43. Mittal N, Abohelwa M, Brogan J, Nichols J. A case report of multi-system 
inflammatory syndrome in adults (Mis-a) associated with heart failure. Eur Heart J Case 
Rep. (2021) 5:ytab381. doi: 10.1093/ehjcr/ytab381

 44. Morris SB, Schwartz NG, Patel P, Abbo L, Beauchamps L, Balan S, et al. Case series 
of multisystem inflammatory syndrome in adults associated with Sars-Cov-2 infection-
United Kingdom and United States, march-august 2020. MMWR Morb Mortal Wkly 
Rep. (2020) 69:1450–6. doi: 10.15585/mmwr.mm6940e1

 45. Atchessi N, Edjoc R, Striha M, Waddell L, Bresee N, Dawson T. Epidemiologic 
and clinical characteristics of multisystem inflammatory syndrome in adults: a 

https://doi.org/10.3389/fmed.2023.1327415
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://covid.saude.gov.br/
https://covid.saude.gov.br/
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1016/s0140-6736(20)30566-3
https://doi.org/10.1371/journal.pone.0243191
https://doi.org/10.1016/j.arcmed.2021.07.002
https://doi.org/10.1016/j.pcl.2021.05.004
https://doi.org/10.1186/s12887-020-02316-1
https://doi.org/10.1136/bmjpo-2021-001063
https://doi.org/10.1002/jmv.26398
https://doi.org/10.1111/his.14160
https://doi.org/10.1038/s41591-020-0968-3
https://doi.org/10.1038/s41591-020-0968-3
https://doi.org/10.1038/s41569-020-0360-5
https://doi.org/10.1161/circulationaha.120.047349
https://doi.org/10.1161/circulationaha.120.050166
https://doi.org/10.1161/circulationaha.120.050166
https://doi.org/10.1001/jamanetworkopen.2021.26456
https://doi.org/10.1016/s1473-3099(20)30651-4
https://doi.org/10.1016/j.eclinm.2021.100850
https://doi.org/10.1016/s2352-4642(20)30257-1
https://doi.org/10.1016/j.lana.2021.100046
https://doi.org/10.1016/j.lana.2021.100046
https://www.who.int/publications/i/item/WHO-2019-nCoV-Surveillance_Case_Definition-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Surveillance_Case_Definition-2022.1
https://www.cdc.gov/mis/mis-a/hcp.html
https://www.cdc.gov/mis/mis-c/hcp_cstecdc/index.html
https://doi.org/10.1093/cid/ciab885
https://doi.org/10.1186/s12931-021-01628-9
https://doi.org/10.1186/s12931-021-01628-9
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1161/circulationaha.120.051828
https://doi.org/10.1016/j.cmi.2022.03.021
https://doi.org/10.1016/j.cmi.2022.03.021
https://doi.org/10.1016/s1470-2045(17)30677-0
https://doi.org/10.1016/s1470-2045(17)30677-0
https://doi.org/10.33549/physiolres.934759
https://doi.org/10.33549/physiolres.934759
https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.1038/s41577-020-0285-6
https://doi.org/10.1126/scitranslmed.abd5487
https://doi.org/10.1126/scitranslmed.abd5487
https://doi.org/10.1371/journal.pone.0123591
https://doi.org/10.1371/journal.pone.0123591
https://doi.org/10.1016/j.vaccine.2016.02.021
https://doi.org/10.1016/j.jacc.2020.08.069
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1161/circresaha.121.317997
https://doi.org/10.1093/eurheartj/ehaa664
https://doi.org/10.1093/eurheartj/ehaa664
https://doi.org/10.1007/s12024-022-00502-4
https://doi.org/10.1007/s12024-022-00502-4
https://doi.org/10.1016/j.ajem.2020.05.117
https://doi.org/10.1007/s00296-020-04749-4
https://doi.org/10.1093/ehjcr/ytab381
https://doi.org/10.15585/mmwr.mm6940e1


Giugni et al. 10.3389/fmed.2023.1327415

Frontiers in Medicine 11 frontiersin.org

rapid review. Can Commun Dis Rep. (2021) 47:305–15. doi: 10.14745/ccdr. 
v47i78a03

 46. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated 
with Poor prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost. 
(2020) 18:844–7. doi: 10.1111/jth.14768

 47. Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gommers D, Kant KM, et al. 
Confirmation of the high cumulative incidence of thrombotic complications in critically 
ill Icu patients with Covid-19: an updated analysis. Thromb Res. (2020) 191:148–50. doi: 
10.1016/j.thromres.2020.04.041

 48. Poor HD. Pulmonary thrombosis and thromboembolism in Covid-19. Chest. 
(2021) 160:1471–80. doi: 10.1016/j.chest.2021.06.016

 49. Dolhnikoff M, Duarte-Neto AN, de Almeida Monteiro RA, da Silva LFF, de 
Oliveira EP, Saldiva PHN, et al. Pathological evidence of pulmonary thrombotic 
phenomena in severe Covid-19. J Thromb Haemost. (2020) 18:1517–9. doi: 10.1111/
jth.14844

 50. Zaffanello M, Piacentini G, Nosetti L, Ganzarolli S, Franchini M. Thrombotic risk 
in children with Covid-19 infection: a systematic review of the literature. Thromb Res. 
(2021) 205:92–8. doi: 10.1016/j.thromres.2021.07.011

https://doi.org/10.3389/fmed.2023.1327415
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.14745/ccdr.v47i78a03
https://doi.org/10.14745/ccdr.v47i78a03
https://doi.org/10.1111/jth.14768
https://doi.org/10.1016/j.thromres.2020.04.041
https://doi.org/10.1016/j.chest.2021.06.016
https://doi.org/10.1111/jth.14844
https://doi.org/10.1111/jth.14844
https://doi.org/10.1016/j.thromres.2021.07.011

	Younger age is associated with cardiovascular pathological phenotype of severe COVID-19 at autopsy
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Autopsies and microscopic analysis
	2.3 Statistical analysis

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Association between age and pathological findings
	3.3 Multivariable analysis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

