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Background: Autopsies on COVID-19 deceased patients have many limitations due to necessary epidemiologic and preventative measures. The ongoing pandemic has caused a significant strain on healthcare systems and is being extensively studied around the world. Clinical data does not always corelate with post-mortem findings. The goal of our study was to find pathognomonic factors associated with COVID-19 mortality in 100 post-mortem full body autopsies.
Materials and Methods: Following necessary safety protocol, we performed 100 autopsies on patients who were diagnosed with COVID-19 related death. The macroscopic and microscopic pathologies were evaluated along with clinical and laboratory findings.
Results: Extensive coagulopathic changes are seen throughout the bodies of diseased patients. Diffuse alveolar damage is pathognomonic of COVID-19 viral pneumonia, and is the leading cause of lethal outcome in younger patients. Extrapulmonary pathology is predominantly seen in the liver and spleen. Intravascular thrombosis is often widespread and signs of septic shock are often present.
Conclusion: The described pathological manifestations of COVID-19 in deceased patients are an insight into the main mechanisms of SARS-CoV-2 associated lethal outcome. The disease bears no obvious bias in severity, but seems to be more severe in some patients, hinting at genetic or epigenetic factors at play.
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INTRODUCTION
The ongoing SARS-CoV-2 outbreak has caused significant healthcare, social and mental difficulties [1]. On March 12th, 2020 the World Health Organization announced the outbreak a pandemic. More than 180 million cases of COVID-19 have now been registered by now in the world [2]. Lethality has been officially registered at 0.1–0.5% globally [2], yet many governments have been accused of artificially reducing both infection and lethality rates through falsification of data or underreporting [3,4]. Nevertheless, the toll of the ongoing SARS-CoV-2 pandemic has already brought significant social tension, healthcare straining and overall decrease in quality of life [5–7]. The pathological characteristics of COVID-19 pulmonary changes have been previously addressed, yet most studies present a small number of cases [8,9]. Several reports of pathological characteristics of extrapulmonary manifestations have also been reported [10–12].
The goal of our study was to assess the pathological features of COVID-19-related deaths during autopsy in a substantial cohort (100 cases). Our null hypothesis was that all cases of lethal outcome have similar associations and features, according to treatment modality and patient characteristics.
MATERIALS AND METHODS
Our study included clinical, laboratory and pathology findings collected from 100 deceased COVID-19 patients. Demographic, clinical data (including available patient history and comorbidities), computerized tomography (CT) results, macroscopic and microscopic assessment of pathological changes in the entire body was performed.
COVID-19 post-mortem verification. COVID-19 infection was confirmed in all patients by post-mortem PCR-testing (polymerize-chain reaction test) of biomaterial collected from the trachea, major bronchi and lungs. PCR-testing was performed for all patients, even when a COVID-19 diagnosis was already issued prior to lethal outcome.
Safety protocol. The autopsies were performed according to World Health Organization (WHO) and the Health Ministry of Russia recommendations. Pathologists and assistants worked in disposable full-body Taiwek suits, plastic safety glasses, two pairs of disposable gloves, class FPP3 inhalers, disposable aprons, shoelaces. Two staff members were allowed to be in the dissection room at any given time (a pathologist and a dissector). Brain examination was performed after manual skull sectioning. Electric sawing was not permitted. Following autopsy and tissue extraction, all instruments underwent disinfection in an antiseptic solution, all disposable utilities were utilized.
Pathological evaluation. Excised tissue fragments were fixed in 10% neutral formalin solution using the automatic histologic processor Leica ASP 300S (Germany). Paraffin filling was then performed using the Leica EG 1160 station (Germany). A Leica RM 2125 RTS (Germany) microtome was used to provide 3–4 μm thick slices. Hematoxylin and eosin, periodic acid-Schiff (PAS), and Alcian blue staining were performed using the Leica ST 5010 (Germany). Perls staining was used for histochemical detection of iron. The following organs were evaluated in all patients: brain; trachea and bronchi; lungs; bifurcation lymph nodes; heart; kidneys; spleen; liver.
Immunohistochemistry (IHC). Histological sections also underwent IHC evaluation. The produced 3–4 μm sections were placed on super adhesive slides (Trajan T7611), after which they were placed for 2 h into a thermostat (70°С). The staining was performed using double-stage avidin-biotin-peroxidase method with antigen unmasking solutions, polyclonal and monoclonal antigen use. IHC staining was performed using the Ventana BenchMark ULTRA IHC/ISH (United States) and Leica Bond-MAX (Germany). The following antibodies were used in our study: CD31 Mouse Monoclonal Antibody (clone JC70, ready-to-use), CK5/6 Mouse Monoclonal Antibody (clone D5/16B4, ready-to-use).
Microscopic evaluation. Microscopically the specimens were analyzed using the triocular Leica DMLB (Germany) microscope with a fully-compatible Leica DFC 420 (Germany) digital camera. Final image analysis was performed by ImageScope Color M software. Calibration was performed by an object-micrometer with 0.01 mm step.
During microscopic evaluation signs of respiratory distress syndrome (exudative and proliferative phases) were noted. The following parameters were analyzed: hyaline membrane structure, fibrin deposits, interalveolar bleeding, interalveolar edema, interstitial inflammation, cytopathic effects, granulation tissue (fibroblastic tissue), thrombi presence within vasculature, infarctions, neutrophilic groups, macrophages, lymphocytes, plasma cells, and siderophages within the tissue (and localization), squamous cell metaplasia and bronchial epithelium desquamation, squamous cell metaplasia and alveolar epithelium desquamation, macrophage presence within the alveoli, signs of viral presence (via cytopathic effect characterized by the formation of large cells of irregular shape with enlarged nuclei and coarse-grained chromatin, distinct nucleoli, with a perinuclear “halo” effect), myxoid edematous interstitial stroma presence, signs of aspiration, tissue necrosis. Pathological findings within the cohort are represented as mean and standard deviation.
Visual evaluation of the microscopic changes of other organs and tissues was also performed to identify pathologic changes. Organs showing signs of pathological change during autopsy were examined pathologically. Clinical indications and patient history were taken into account. All organs and systems underwent primary evaluation and were included in the study if pathological changes were noted.
Statistical evaluation. The significance of differences between sub-cohorts was determined using the independent t-test or the nonparametric Mann-Whitney U-test when variables were non-normally distributed. Comorbidity rates were compared using Pearson’s chi-squared test or Fisher’s exact test. Analysis of variance was performed to evaluate intergroup differences on each parameter with appropriate data. The minimal number of cases that needed to be included in this study was calculated using power analysis. Statistical data was calculated using RStudio software, version February 1, 1335 (RStudio, Inc., Boston, MA, United States). Results are presented as means ± standard deviation or as numbers and percentages, and statistical significance was set at p-values < 0.05.
RESULTS
Patient Characteristics
A total of 100 autopsies were performed (53 females, 47 males). The mean age of the deceased patients was 70.8 years (range: 45–95 years). Mean female age was 75.5 (range: 58–95 years). Mean male age was 67.5 (range: 45–92 years) (Figure 1). The mean duration of the disease until lethal outcome was 13.4 days (range: 2–48 days). The mean hospitalization duration was 7.48 days (range: 5–25 days).
[image: Figure 1]FIGURE 1 | COVID-19 related autopsy distribution by sex and age, mean ± standard deviation.
Most of the deceased patients had aggravating conditions (Figure 2). Hypertensions was the most common comorbidity. 48% of patients had more than one comorbidity. Eight patients presented with malignancies: lung, breast, colon cancers, B-cell and T-cell lymphoma, cutaneous plasmacytoma (one case each), and chronic lymphocytic leukemia (two patients). Alcohol related hepatic micronodular cirrhosis was observed in three patients, one of which was diagnosed with the hepatocellular carcinoma. Hepatic steatosis without cirrhosis was noted once. Two deceased patients were diagnosed with COPD and bronchial asthma, one patient had a congenital polycystic kidney disease, and another one suffered from systemic amyloidosis with cardiac involvement.
[image: Figure 2]FIGURE 2 | Comorbidities in COVID-19 deceased patients [Art. hypert.—arterial hypertension (81/100), Diab. Mellitus—diabetes mellitus (21/100), Obesity (26/100), Postinf. card.–postinfarction cardiosclerosis (23/100), Malign. Neopl.—malignant neoplasms (8/100), Alcoh. cirrhosis—alcoholic cirrhosis of liver (3/100), Alcoh. f. liver—alcoholic fatty liver (1/100), COPD—chronic obstructive pulmonary disease (1/100), Asthma (1/100), Polyc. kidney—polycystic kidney (1/100)].
Disseminated intravascular coagulation (DIC) syndrome was seen in 29 cases. It presented with serosal and mucosal hemorrhages (in 96% of cases) (Figure 3H), uncoagulated blood in the blood vessels and heart (in 79.3% of patients) and acute erosions within the gastrointestinal (GI) tract (in 44.8% of patients). Pulmonary thrombosis was found in 44.8% of patients effected by the DIC syndrome (13/29), Myocardial ischemic pathology was observed in 17.2% of patients (5/29), Intestinal gangrene was seen in 10.3% of patients (3/29) (Figure 3I). Gastrointestinal bleeding was noted in 10.3% of DIC cases (3/29).
[image: Figure 3]FIGURE 3 | Macroscopic findings in COVID-19 patients: (A–C)–pulmonary surface with a dark-red or dark-cherry color, volume increase and airless tissue, with a rubber density, dark-red or brown-red in color with pulmonary emboli detected in lung arteries lumens; (D)–left ventrical hypertrophia with pale ischemic metabolic focus; (E)—enlarged spleen with average pulp scraping; (F)—“shock” kidney with pale cortex and congested medullae with hemorrhages; (G)—liver tissue demonstrating fatty degeneration and congested vessels with focal hemorrhages; (H)–hemorrhages in the gastric mucosa in a COVID-19 patient complicated by DIC; (I)—segmental gangrene of the intestine in a COVID-19 patient complicated by DIC.
Pulmonary Findings
Macroscopically, the pulmonary tissues of deceased patients showed signs of acute respiratory damage in the form of “shock lung” (varnish pulmonary surface with a dark-red or dark-cherry color, volume increase (from 1,100 to 2,860 g, mean volume is 1,659 g), and the pulmonary consolidation. Lung surface was airless, with a rubber density, dark-red or brown-red in color (Figures 3A,B). Pulmonary embolism was seen in 19 patients (Figures 3A,C). 31 patients showed signs of viral-bacterial pneumonia, and three patients developed mixed viral-bacterial-fungal pneumonia, confirmed by in-vivo microbiology assessment, mucus analysis and postmortem diagnosis.
Microscopic signs of diffuse alveolar damage (DAD) was seen as the morphologic equivalent of viral pneumonia, the signs of which were analyzed by a modification of T. Mauad et al. algorithm for pulmonary changes in influenza A (H1N1) patients (Table 1) [12].
TABLE 1 | Microscopic changes in lungs.
[image: Table 1]In microscopic examination of the lungs pulmonary edema was found in 61 cases, hyaline membranes within alveolar walls and lumens was seen in 75 cases, alveolar epithelial plast-like desquamation in 67 patients. The cytopathic effect is seen as large alveolocytes with rubber chromatic nuclei and nucleoli presence, occasionally with a perinuclear “halo” and round-shape intracytoplasmic inclusions with signs of interstitial inflammation and occasional megakaryocytes: this phenomenon was seen in 55 cases. Among typical DAD findings vascular injuries were present: interalveolar capillary, vein and venular dilatation, interalveolar hemorrhages and arteriospasm were observed in 75 cases, although its severity varied from microscopic to vast pulmonary infarctions (31 cases) (Figure 4).
[image: Figure 4]FIGURE 4 | Pulmonary microscopic findings in COVID-19 patients. (A)—DAD phase 1: hyaline membranes lining the alveoli, desquamation of alveolocytes, focus of leukocyte infiltration (upper right corner); (B)—DAD mixed phase—alongside hyaline membranes there are fibroblasts and granulation tissue present; (C)—DAD phase 2: fibrous tissue with single alveolar lumens detected, erythrocytes and hemosyderophages in the alveolar lumens; (D)—iron deposits in hemosyderophages in alveolar lumens. (A–C)—H&E stain, ×20; (D)—Perls’ stain, ×20.
In the brain, both in the cortical and in the medulla and in the region of the basal nuclei, pronounced pericellular and perivascular edema, diapedesis and focal hemorrhages with saturation of adjacent brain tissue with blood were found. It is believed that violations of permeability of the blood-brain barrier and associated neural tissue damage are the result of the cytokine storm.
When examining the urogenital tract, with the exception of the kidneys, no specific changes were noted. In isolated cases, focal or confluent hemorrhages were revealed in the mucous membrane of the renal pelvis and ureters, as well as in the mucous membrane of the bladder, associated with systemic manifestations of DIC syndrome.
Edema and focal hemorrhages were found in the parotid glands, however, we did not find any changes in other salivary glands. Purulent tracheobronchitis was found in 34% of cases, hemorrhagic tracheobronchitis–in 10%, and mixed, purulent-hemorrhagic tracheobronchitis in 4 cases. These changes were most often associated with tracheal intubation and prolonged mechanical ventilation.
Red blood cell stasis with arterial fibrinous and organized thrombi were identified in 67 cases, the same findings were observed in veins in 48 cases. This is typical of fibrin cloths. The presence of alveolar siderophages, and siderophages were identified in bronchi and terminal bronchioles in 43 cases. Interalveolar and interstitial plasma cell and lymphocyte infiltration was found in 43 cases, although its severity varied. In 38 cases interstitial inflammation of the interalveolar septae was seen. 19 cases demonstrated a perivascular myxoid edematous stroma and similar stromal changes within the interalveolar septae. Terminal bronchiolar epithelial (n = 24) and alveolar (n = 37) squamous cell metaplasia, and its rare desquamation into the bronchi (n = 67) and alveoli in the form of plasts (n = 67) was common.
Vascular proliferation was identified in the form of multiple closely related thin-walled capillaries, confirmed by IHC staining with a CD31 marker (Figures 5A–C). Squamous cell metaplasia was characterized by a highly intensive membranous staining of epithelial cells in immunohistochemical processing by CK5-6 (Figures 5D–F). Based on morphologic findings, exudative (early) phase DAD was diagnosed in 45 cases. Proliferative (late) phase of DAD characterized by the fibrin deposits of different maturity within the alveoli and single terminal and respiratory bronchioles, also by polypoid fibroblastic tissue (granulation tissue) within the terminal bronchioles and alveoli was diagnosed in 45 cases. The exudative and productive phases of diffuse alveolar damage (mixed DAD phase) with signs of local interalveolar edema, hyaline membranes, desquamated alveolar epithelium combined with fibrin, alveolar fibroblastic component, alveolar and bronchial squamous cell metaplasia were found in 36 autopsy cases. In 31 cases, microscopic findings of bronchopneumonia, and in 3 cases viral-bacterial-mycotic pneumonia were identified, and it was proven by microbiological evaluation. In 1 case only a bacterial aspiration bronchopneumonia with no DAD criteria was identified, despite positive PCR testing.
[image: Figure 5]FIGURE 5 | DAD phase 2 in COVID-19 patiens. (A–C)—vascular proliferation in lungs. (А)—H&E, ×40, (B,C)—IHC with the CD31 marker, B×20, (C)—×40. (D–F)—squamous cell metaplasia of an alveolar epithelium and bronchi. D—H&E, ×20, (E,F)—IHC staining with the CK5-6 marker, (E)—×20, (F)—×40.
Extrapulmonary Findings
Hemmoragic findings in the brain were found in seven cases (Figure 6A). Hepatomegaly and splenomegaly of ranging severity were identified in all COVID-19 autopsies. Heart weight varied from 250 to 700 g (mean = 452 g). The ventricular index in 81% of cases was less than 0.4, which testifies arterial hypertension. Postinfarction cardiosclerosis was observed in 23 patients (Figure 6B). Myocardial metabolic disorders were identified in 6 cases, five of which—in patients with DIC syndrome, which was interpreted as hemopoietic complications of COVID-19 infection in case an atherosclerotic plaque was absent within the coronary arteries (Figure 3D). Ischemic and hemorrhagic infarctions of the kidneys were identified in 2 cases, one of which was associated with DIC syndrome. “Shock kidneys” were noted in five autopsies, which demonstrated signs of acute renal failure (Figure 3F). Microscopically along with an arteriolonephrosclerosis (common finding in hypertensive patients), partial glomerular collapse, significant granular tubular epithelial dystrophy, renal tubular eosinophilic masses, tubular and interstitial necrosis and edema were commonly identified (Figure 6C).
[image: Figure 6]FIGURE 6 | Microscopic findings in other organs in COVID-19 patients. H&E stain. (A)—brain tissue demonstrating focal hemorrhage and pericellular edema, ×20; (B)—miocard sample with large postinfarction cardiosclerosis area, congested vessels and contracted cardiomyocytes, ×5; (C)—kidney specimen showing massive necrosis of tubular epithelium, ×20; (D)—steatosis of hepatocytes, congested vessels, ×20; (E)—focal hemorrhage in the spleen, ×20; (F)—reactive lymphadenitis with angiomatosis of bifurcation lymphnodes.
The spleen varied in weight being 50–530 g (mean = 176 g). Splenic hyperplasia (over 190 g) with an notable pulp scraping was detected in 31 cases (Figure 3E). Increased splenic weight was more pronounced in patients with sings of septic shock. Microscopically a follicular reduction, splenic pulp unification with lymphocytes and multiple necrotic foci, and hemorrhages was noticed (Figure 6E). Focal hemorrphages as well as angiomatosis were also observed in bifurcation lymphnodes (Figure 6F). The livers had signs of droplet-like, middle-size and large droplet-like steatosis of ranging severity in all cases along with petechial hemorrhages (Figures 3G, 6D).
Clinical correlation. In order to find significant difference between patient groups, we decided to evaluate the most common comorbid conditions in the deceased patients. These included arterial hypertension, obesity, ischemic heart disease and diabetes. The patients were categorized into eight groups according to combination of these comorbid conditions (Table 2). Analysis of variance showed that the mean respiration rate, C-reactive protein levels, heart mass, lung mass and CT severity grades were the only variables with significant differences. Specifically, patients with all four comorbidities had a significantly higher mean respiration rate. C-reactive protein levels were significantly greater in patients with comorbidities compared to those without. Interestingly, lung mass was greater in the group of patients with arterial hypertension, obesity and ischemic heart disease, compared to those without comorbid conditions. Pulmonary findings did not vary significantly in patients according to clinical findings (Table 3).
TABLE 2 | Comparison of clinical data between patients with common comorbid conditions (AH, arterial hypertension; OB, obesity; DM, diabetes mellitus; ICD, ischemic heart disease).
[image: Table 2]TABLE 3 | Pulmonary findings (AH, arterial hypertension; OB, obesity; DM, diabetes mellitus; ICD, ischemic heart disease).
[image: Table 3]Further evaluation of clinical, laboratory and pathological correlates showed that patients with mean respiration rates of over 21 generally had lower C-reactive protein values (p = 0.0316) and showed signs of macrophage infiltration of alveoli more commonly (p = 0.022). Patients who were sick for over 14 days spent significantly more time on ventilation (p = 0.001), had lower SpO2 levels on admission (p = 0.015), commonly presented with granulation tissue (p = 0.016), neutrophil pulmonary infiltration (p = 0.010) and bronchial epithelial metaplasia (p < 0.001) than those who were sick for under 14 days. This suggests that granulation, neutrophil infiltration and epithelial changes are characteristic of disease progression.
Patients who passed away quicker (<7 days of hospitalization) were surprisingly younger (p = 0.022), had a higher heart mass (p = 0.009), shorter disease duration (p < 0.0001), spent less time on ventilation (p < 0.0001), had less venous thrombi (p = 0.038), less findings of epithelial desquamation (p = 0.038), myxoid edema (p = 0.045), plasmocytic infiltration (p = 0.044). Importantly, these findings did not show any significant variability in terms of comorbidity. Patients aged 70 and under were more often in DAD phase 1–2 (p = 0.006), while no other significant age related discrepancies were noted in both comorbidities, clinical and pathological status. Arterial thrombosis was more common in older patients (p < 0.0001), and was significantly associated with presence of siderophages in alveoli (p = 0.0002), interstitial pulmonary edema (p = 0.011), cytopathic effect (p = 0.037), pulmonary infarctions (p = 0.016) and presence of venous thrombi (p < 0.0001). C-reactive protein levels of over 200 were associated with increased macrophageal infiltration of alveoli (p = 0.045), reduced myxoid edema (p = 0.016) and were more common in patients with ischemic heart disease (p = 0.009).
DISCUSSION
Many publications regarding the safety and protocol for COVID-19 autopsies have been published [9–11,13,14]. Proper ventilation [9,15], full-body protection, breathing filters and other techniques have been recommended to assure isolation of the pathologist [9–11]. In some institutions pathologists follow a special in corpore technique [9], or a pinpoint ultrasound autopsy, while others prefer full or partial evisceration techniques [9–11]. Several institutions do not perform autopsies, favoring full-body post-mortem MRI scanning instead [16]. Such necessary limitations have been widely implemented [17–21]. In our study, we utilized a full-body isolation protocol, which allowed for complete pathological evaluation.
Numerous clinical studies showed the aggravating effects of comorbidities on COVID-19 prognosis [9,15,16,22–28]. Arterial hypertension, coronary artery disease, diabetes mellitus, obesity, malignant neoplasms and chronic pulmonary disease lead to increased lethality risk [6,9,15,16,26,29–35]. In our study, DAD was noted to be the main factor, influencing lethality in patients with existing comorbidities. More so, our revealed the presence of a mixed phase of diffuse alveolar damage with signs of both exudative and proliferative phases in COVID associated pathology, found a discrepancy between the duration of the disease and the phase of DAP (in some cases, the morphological picture of the exudative phase of DAP was observed later than 14 days from the onset of the disease, while in other cases, deposits of fibrin and granulation tissue were present already at 7 days from the onset of the disease). Our findings suggest that granulation, neutrophil infiltration and epithelial changes are characteristic of disease progression. Noting that the subjects of our study all succumb to the disease, it is important to note that these signs may be poop prognostic factors, indicating uncontrolled disease progression.
The limitations of our study involve the sample size: while being one of the largest cohorts reported, the subgroups were often too small for proper statistical evaluation. Furthermore, the lack of data on clinical background of some patients (due to the acute matter of the disease in previously unmonitored patients) posed limitations in analysis of risk factors and individual patterns. A single center analysis poses limitations regarding quality of care, which may vary elsewhere.
Diffuse alveolar damage has several distinct phases: an exudative phase (observed in 1–7 days of illness), followed by a proliferative phase (1–3 weeks since disease manifestation) and a fibrotic phase (if occurs, after 3 weeks). A combination of the proliferative and an exudative phase was seen in 36% of cases in our study, which is consistent with other findings [15,22,36,37]. A prolonging of the exudative phase may be associated with treatment, intervention ventilation and viral load factors. An Italian study showed that among 38 deceased patients hospitalized for 1–23 days, no one was diagnosed with the fibrotic stage of DAD, but rather with the exudative and early proliferative stages of DAD [15].
SARS-CoV-2 replicates mainly within Type II Alveolocytes due to ACE affinity [38,39]. However, Carsana et al. identified viral particles along the plasmalemma and inside the intracytoplasmic vacuoles of Type 1 and 2 Pneumocytes and alveolar macrophages [15]. Bacterial and mycotic pneumonia complicating SARS-CoV-2 infection have been discussed as factors influencing lethality and viral activity [9,15,16]. According to our data, a bacterial (31%) and a bacterial-mycotic (3%) flora was identified in the patients on prolonged artificial ventilation, which partially confirmed this hypothesis.
Vascular complications, including thromboembolic and hemorrhagic, are widely seen in post-mortem COVID-19 autopsies [40–44]. This is due to SARS-CoV-2 associated coagulopathic disorders (generalized thrombotic microangiopathy, vascular endothelial injury) [9,40]. We observed DIC in up to 31% of cases, presented as multiple vascular hemorrhages or thromboses in different locations, pulmonary artery and vein multiple obturating thromboses, including hemorrhagic pulmonary infarcts and extrapulmonary pathology.
According to our data, left ventricular hypertrophy, cardiomyocyte hypertrophy, cellular myocardial degeneration and arterial hypertension-related pathology were the most common findings in the heart, consistent with existing data [16,36,37]. IHC demonstrated that myocardial interstitial portion is mainly presented by macrophages and some amount of CD4+ T-cells. CD8+ T-cells and CD20+ B-cells have not been identified. However, existing studies have not yet identified SARS-CoV-2 viral particles within the myocardium cells [36]. Lymphoplasmacytic infiltration was not identified by many researchers [37], the signs of myocarditis were also absent in our study. Myocardial senile amyloidosis was demonstrated in 1% of cases in our study, and was also noted by other researchers [9].
Several other studies have demonstrated lymphocytic infiltration of hepatic lobules, sinusoid dilatation, partial hepatocyte necrosis, yet were mainly associated with concomitant pathology (e.g., liver cirrhosis) [22,36,37]. Our findings show hepatocyte dystrophy and hepatic degeneration associated with direct COVID-19 associated damage. In our previous work owe showed COVID-19 lymph node damage consists of reduction of lymphoid follicles and expansion of the paracortical zone with reactive plasmacytosis, extrafollicular B-cell activation, sinus histiocytosis, signs of hemophagocytosis, formation of hyaline thrombi, diapedetic hemorrhages, and massive hemorrhages in individual nodes. An immunohistochemical study revealed the predominance of CD4 + T-helpers in the paracortical zone, depletion of cytotoxic CD8 + lymphocytes, an increase in the number of both lymphocytes expressing the PD-1 suppressor protein and activated lymphocytes expressing the CD30 activation antigen. CD123-positive plasmacytoid dendritic cells secreting type 1 interferon were found in a significant amount in the lumen of the sinuses and in the paracortical zone [45].
Damage to the kidneys in COVID-19 presents with arteriolonephrosclerosis along with nephritis, collapse glomerulopathy, tubular epithelium dystrophy with protein exudate, cylinders within enlarged tubules and fibrin thrombi within capillaries [22,36]. Tubular necrosis and renal infarctions, associated with septic conditions, were seen in 2 cases in our study. Splenic enlargement due to sepsis, major follicular reduction, lymphatic infiltration, necrosis and hemorrhages have been shown in our study, consistent with other findings [36]. A B-dependent zone reduction and cytotoxic T-lymphocyte depletion with PD-1 superexpression were characteristic of severe coronaviral infection, which, according to several studies, demonstrates immune response reduction [45]. The paracortical zone showed a significant reactive plasmocytosis with T-helper existence—a morphologic substrate of humoral immunity, which may testify a noneffective humoral response in COVID-19-effected patients with simultaneous T-cell immunity failure.
Our data adds value to analysis of certain potential predictors of disease severity. Respiration rate was shown to be significantly greater in patients with more than one comorbidity, indicating the potential prognostic value of this parameter. Pulmonary findings were non-specific to clinical symptoms, prognosis or disease duration, which highlight the vast unpredictability of the disease, hinting and genetic predisposition to severe forms. Our findings that younger patients passed away sooner may be attributed to the fact that they are admitted at later stages and elderly patients are prioritized in acute care. Patients who do not die early and develop granulations, immune infiltration and epithelial changes are at risk of lethal outcome. Arterial thrombosis was the dominant factor in lethal outcome in the elder patients (over 70), while younger patients did not develop thrombosis, but presented with acute DAD phase 1-2, suggesting it’s main role in lethal outcome of a predisposed cohort.
CONCLUSION
The new coronaviral infection pathogenesis and its pathological manifestations are being heavily studied. Due to high contagiousness and low autopsy rate worldwide, too few autopsies of the coronavirus-affected patients are performed. As such, our study provides substantial insight into the macro- and micropathological aspects of COVID-19 damage. Our results show high prevalence of diffuse alveolar damage, as well as immune compromise and polyorgan failure in deceased patients.
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