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ARTICLE INFO ABSTRACT

Keywords: This is a case report of a young adult who died of COVID-19 twelve days after admission, with
COVID-19 coronavirus nucleocapsid protein and lipofuscin found in the heart and kidney tissues, providing
lipofuscin further evidence of the role of SARS-CoV-2 in cellular senescence.
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1. Introduction

COVID-19 pathology extends beyond the respiratory system. Autopsy evidence shows SARS-CoV-2 in multiple organs [1] including
an increased risk of heart failure [2] and cellular senescence [3], detected as an accumulation of substances like lipofuscin [4], an
auto-fluorescent pigment, in muscles, neurons, skin, and kidneys of elderly people mostly. In this report, we describe the critical case of
a young adult with COVID-19 who was intubated and died 12 days later. The autopsy revealed SARS-CoV nucleocapsid protein (N) in
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myocytes and kidney tissues, and lipofuscin accumulation in cardiomyocytes and kidney tissue, providing further evidence of the role
of SARS-CoV-2 in cellular senescence.

1.1. Patient information

In March 2020, a 27-year-old male of Mestizo ethnicity, employed as public transport driver and resident from Mexico City, with a
body mass index of 35.0, a self-reported cigarette consumption of one per day and no other significant medical history, was hospi-
talized in a medical unit with symptoms of urinary tract infection. One week after discharge, the patient was admitted to the INER
emergency room with a 24-h history of cough with mild hemoptysis.

1.2. Clinical findings

On arrival, the patient had an oxygen saturation of 60 %, severe hypoxemia, an oxygenation index (PaO2/FiO3) of 183, and in-
filtrates/opacities observed on chest tomography on admission. The patient’s heart rate was 80 beats per minute and an electrocar-
diogram showed sinus rhythm with no evidence of cardiac ischemia, cavity enlargement, or electrical conduction disorder.

1.3. Therapeutic intervention

The patient underwent orotracheal intubation under sedation with midazolam/fentanyl and vecuronium. Subsequently, the patient
was placed in the prone position and underwent hemodialysis. Twelve days after admission and despite treatment, the patient
developed septic shock with renal failure and deteriorated into irreversible cardiorespiratory arrest after CPR maneuvers. All care
given was standard and there were no limitations on equipment or resources at that time.

1.4. Diagnostic assessment

COVID-19 was diagnosed using RT-PCR on the same day of arrival with a bad prognosis given by elevated creatine kinase at 568
IU/L (normal 49-397 IU/L). On admission, the patient was diagnosed with ARDS (SOFA score 17 points, APACHE II 16 points, SAPS II
55 points), lymphopenia, thrombocytopenia, and electrolytic imbalance. Since admission, the total leukocyte counts steadily increased
from 7.9 (admission) to 26 x 10%/L (two days before death). Further test results are available in Supplementary Table.

Biopsies were obtained using minimally invasive techniques by 8 hours after death. Specimens were processed for paraffin block

Fig. 1. SARS-CoV-2 Nucleocapsid and lipofuscin detection in tissues. N antigen was present in a punctuated pattern in skeletal fibers (panel A in
red), cardiomyocytes (sagittal plane, panel B; longitudinal plane, panel C) and kidney tissue around the blood vessels (panel D). COVID-19 case
skeletal muscle fibers contain larger interstitial space (panel E) where infiltrates of CD31" cells can be observed (panel A in green). COVID-19 case
cardiac fibers also show increased interstitial space (panels B, C, F, G) and the N protein was irregularly distributed in the sarcoplasma (panels B and
C in red). Tissues stained for IIF (panels A-D) for SARS-CoV nucleocapsid protein (red), CD31" (green), nuclei (blue), and H&E (panels E-H). Bar
size = 20 pm.
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fixation. Sections of 5 pm were stained either with hematoxylin and eosin (H&E) or for indirect immunofluorescence (IIF). Depar-
affinized slides were incubated overnight with 1:400 anti-SARS-CoVs nucleocapsid antibody (NB100-56576, Novus Biologicals) and
1:100 anti-CD31/PECAM-1 antibody (NB600-562, Novus Biologicals). Incubated with a 1:500 goat anti-rabbit IgG H&L-Alexa Fluor
555 (Abcam, ab150078) and Goat Anti-Mouse IgG H&L-Alexa Fluor 488 (Abcam, ab150113), and analyzed by confocal microscopy
(Nikon).

The SARS-CoV-2 N protein was abundantly detected in the lung (Supplementary Fig 1 (**previously 2) multiple skeletal muscle
fibers, distributed throughout the sarcoplasm in a distinctive punctuated pattern, and a minor accumulation towards the sarcolemma
(Fig. 1A). Structurally, skeletal muscle cells exhibited an increased interstitial space (Fig. 1E) compared to uninfected tissues (Sup-
plementary Fig. 1), with many CD31" infiltrating cells (Fig. 1A).

The N protein was also detected in the sarcoplasm of the cardiac tissue, but the distribution was distinctive: it was concentrated in
heterogeneous clusters (Fig. 1B and C). The cardiac muscle tissue showed minimal structural changes, apart from the increased
interstitial space between the fibers (Fig. 1F and G). Another characteristic feature was the extensive lipofuscin accumulation (Fig. 1B,
C, 1G and Supplementary Fig. 3) in some regions of the cardiac tissue of the young adult. Similarly, the kidney tissues were positive for
SARS-CoV-2 N protein and lipofuscin (Fig. 1D), mainly around the tunica externa of the blood vessel (Supplementary Fig. 4). Other
tissues such as the aorta, liver, and pulmonary vein were negative for N and lipofuscin (Supplementary Fig. 5), although limited cross
reactivity was observed particularly in the pulmonary vein (Supplementary Fig. 5A).

2. Discussion

Here, we report an autopsy case of a young obese adult deceased with COVID-19, early during the pandemic and before vaccination
was available, with the accumulation of SARS-CoV-2 N-antigen in the sarcoplasm of skeletal and cardiac muscle fibers as well as in the
kidney tissue, together with lipofuscin accumulation in myocytes and kidney tissues. The patient had a poor prognosis upon arrival,
due to obesity, a light smoking history, the requirement of invasive mechanical ventilation and elevated creatine kinase values.
Because of these dates, the patient most probably acquired COVID-19 in another medical unit and developed pneumonia well before
arriving at INER, making this a likely case of healthcare-associated COVID-19 infection, with the worst clinical outcome.

SARS-CoV-2 antigens are found extrapulmonary in postmortem cases or biopsies [5,6] even after the virus is cleared from the
nasopharynx [7]. In a cohort of patients aged approximately 60 years, replicating viral RNA was present in cardiomyocytes without
apoptosis, and the SARS-CoV-2 N antigen co-localized with sarcoplasmic alpha-actin [8]. N-protein in cardiac myofibrils has been
reported [8,9] but its detection in skeletal tissues is rare, despite the significant muscular pain and myositis in COVID-19. Creatine
kinase, a known biomarker for muscular damage and a predictor of COVID-19 severity [10], was elevated on admission in the case
described here, indicating a higher likelihood of severe disease and muscular damage, which was not identified in the examined
sample, but we cannot discard that other muscles could have been affected.

Lipofuscin is a marker for oxidative stress and cellular senescence [4]. COVID-19 causes thrombosis and inflammation, which are
associated with severe oxidative stress, conditions where lipofuscin is known to increase. Pathogen-induced lipofuscinosis and
virus-induced cellular senescence [11,12] are phenomena that have been described in COVID-19 cases in older adults. In this case,
lipofuscin was abundant in the myocardial and kidney tissues of a young person, specifically in tissues where the coronavirus N antigen
was also present. In the kidney, lipofuscin appeared localized in the outer layer of the blood vessel (tunica externa). As lipofuscin was
absent from the examined liver tissues, where it is commonly present, we can speculate that this phenomenon is possibly linked to
SARS-CoV-2 N expression rather than a systemic feature of the patient.

Another feature of this case is that the N clusters in cardiomyocytes were distinct, irregular, and wider than those reported pre-
viously [8]. Further analyses of other cases are required to verify this presentation and clarify whether the autopsy timing might have
affected this observation.

This case report has certain limitations to consider: the extended timing of the autopsy and the unavailability of a more complete
medical history of the patient, which might influence the data and the interpretations presented here. Further, given the nature of a
minimally invasive autopsy, we cannot exclude that other regions in the liver and other regions may show lipofuscin accumulation.

Although the patient was treated with multiple myotoxic and nephrotoxic drugs, our data suggest that SARS-CoV-2 N protein and
lipofuscin accumulation are part of the viral pathology, as they are expressed together in the kidneys and cardiomyocytes only.

We provide evidence regarding the SARS-CoV-2 effects on muscular and kidney tissues suggesting that the virus may contribute to
damage and cellular senescence. Particularly, the risk of cardiovascular disease increases after COVID-19, that is proportional to the
disease severity. Future prospective studies should include the determination of viral nucleocapsid antigen and antibodies in serum
that could help to clarify their role in the pathogenesis of the disease.

This autopsy case of a young obese adult deceased with COVID-19, early during the pandemic and before vaccination was available,
shows the extensive accumulation of SARS-CoV-2 N-antigen in the sarcoplasm of skeletal and cardiac muscle fibers and kidney tissue,
together with lipofuscin accumulation in myocytes and kidney tissues, providing evidence of its potential to cause cellular senescence
in the tissues of a young adult.

3. Ethics statement
This protocol was approved by the Biosafety, Bioethics, and Research Institutional Committee of the INER (protocol number E02-

21). Before the minimally invasive autopsy, informed consent was obtained from the next of kin for the publication of all images,
clinical data and other data included in the main manuscript.
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CARE guidelines.

To the best of our abilities, the CARE checklist has been covered, however there are some obvious aspects that were left out such as
5d) Relevant past outcomes and interventions (due to the novel pathogen, there was no previous intervention on this patient ), 9b)
administration of therapeutic intervention (given the focus of the case report was considered irrelevant as no specific treatment was
available at that time and drugs were generic sedatives, analgesic and neuromuscular blockers), 10c) adherence and tolerability (given
that there was no specific treatment), 10d) Adverse or unanticipated events (given the prognostic at admission, this was not elaborated
any further), 12) patient perspective (deceased).
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