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ABSTRACT

Multisystem inflammatory syndrome in children (MIS-C) represents a severe postinfectious hyperinflammatory condition following 
SARS-CoV-2 infection. Despite extensive clinical characterization, histopathologic data—especially from pre-mortem pediatric biopsies—
remain scarce.

We report a 9-month-old male infant with confirmed SARS-CoV-2 infection and rapid multiorgan failure. Pre-mortem incisional biopsies 
from the myocardium, lung, and pleura revealed degenerative myocyte changes, endothelial swelling, and fibrin-platelet microthrombi 
consistent with thrombotic microangiopathy. Immunohistochemistry demonstrated mild CD3+ T-cell–predominant infiltrates and focal 
SARS-CoV-2 antigen positivity confined to alveolar and bronchiolar epithelium, while myocardial and pleural tissues were negative. 

These findings highlight early morphologic correlates of immune-mediated vascular injury in MIS-C, characterized by endothelial 
dysfunction, microvascular inflammation, and T-cell-driven immunopathology in the absence of direct viral cytopathy. This case provides 
rare pre-mortem evidence of immune-thrombotic endotheliopathy in an infant, bridging clinical and histologic manifestations of pediatric 
SARS-CoV-2–associated hyperinflammatory disease.
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INTRODUCTION

Multisystem Inflammatory Syndrome in Children (MIS-C) 
is a delayed post-infectious hyperinflammatory condition 
that typically develops two to six weeks after exposure to or 
infection with severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), characterized by persistent fever, el-
evated inflammatory markers, and dysfunction of multiple 
organ systems—most frequently the cardiovascular, gastro-
intestinal, mucocutaneous, and hematologic systems (1,2). 
Although acute COVID-19 in children is generally mild, 
MIS-C represents a distinct post-viral immune dysregula-
tion syndrome with clinical overlap to Kawasaki disease 
and toxic shock syndrome but occurring in older children 
and showing more pronounced myocardial and vascular 
involvement (3,4). Epidemiologic data indicate that MIS-
C is rare but clinically significant, with reported mortality 
of 1–2% and intensive care requirements in a substantial 

proportion of patients (1,5). Laboratory findings common-
ly reveal markedly elevated C-reactive protein, D-dimer, 
ferritin, and IL-6 levels accompanied by lymphopenia and 
cardiac enzyme elevation, reflecting systemic immune acti-
vation (3,6). Recent studies have clarified the dysregulated 
immune mechanisms of MIS-C, emphasizing endothelial 
activation, T-cell and monocyte hyperresponsiveness, and 
cytokine-mediated vascular injury.

The immunopathogenesis of MIS-C involves a maladap-
tive immune activation characterized by polyclonal T-cell 
expansion, monocyte activation, and a cytokine milieu en-
riched in IL-6, IL-10, IFN-γ, IL-17A, and CXCL9, indicat-
ing a secondary immune-mediated vasculitis rather than 
direct viral cytopathy (7,8). In contrast, adult patients with 
severe COVID-19 exhibit a cytokine storm dominated by 
IL-1β, IL-6, and TNF-α, leading to endothelial dysfunction, 
microvascular thrombosis, and multiorgan dysfunction (9)
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(10). These findings indicate that while both conditions 
involve systemic hyperinflammation and endotheliopathy, 
distinct immune mediators drive tissue injury—MIS-C re-
flecting a delayed, adaptive response unlike the acute cyto-
kine storm in adults.

Although the clinical and immunologic features of MIS-C 
have been extensively characterized, the histopathologic 
spectrum—particularly from tissue biopsies in pediatric 
patients—remains limited. Most available reports are based 
on clinical observations or postmortem findings (11,12)
(13), and only a small number of well-documented cases 
have provided detailed morphologic descriptions from 
pre-mortem specimens (14). Despite this paucity of data, 
increasing pathological evidence indicates that microvas-
cular inflammation and endothelial injury, together with 
thrombotic microangiopathy, contribute substantially to 
tissue damage and organ dysfunction, with findings includ-
ing myocardial edema, perivascular lymphocytic infiltrates, 
and fibrin-rich microthrombi observed across multiple or-
gans (11,15).

Histopathologic evaluation of target organs during life or 
near death offers crucial insight into early immune-medi-
ated injury before irreversible necrosis or infection. This 
case adds to the limited pre-mortem evidence by docu-
menting endothelial injury, microvascular inflammation, 
and thrombotic microangiopathy in myocardial and lung 
biopsies from an infant with confirmed SARS-CoV-2 in-
fection and multisystem failure. These findings link the 
immunopathologic mechanisms of MIS-C with their early 
histologic manifestations, bridging clinical and tissue-level 
understanding.

CASE REPORT

A 9-month-old male infant, born at 35 gestational weeks 
with a birth weight of 1930 g, was the second child of con-
sanguineous parents (first cousins). At birth, he was diag-
nosed with esophageal and anal atresia with tracheoesoph-
ageal fistula, requiring primary repair and colostomy in the 
neonatal period. The postoperative course was complicated 
by Klebsiella sepsis, pleural effusion, and a prolonged neo-
natal intensive care stay with mechanical ventilation and 
chest-tube placement.

During follow-up, the patient had recurrent vomiting, ab-
dominal distension, and episodes of gastrointestinal bleed-
ing from the colostomy site. Feeding difficulties necessi-
tated nasogastric support, and despite ongoing care, inter-
mittent regurgitation and respiratory infections persisted 
under multidisciplinary follow-up.

Three days before admission, the infant became irritable, 
lethargic, and vomited after each feeding. On presentation, 
he was febrile (38.8 °C), tachycardic, hypotensive, and hy-
poxic (SpO₂ 70%), with signs of dehydration and poor per-
fusion. Chest examination showed coarse rales and rhonchi 
with mild retractions; the abdomen was mildly distended 
with a functioning colostomy. Laboratory tests revealed 
metabolic and lactic acidosis, leukocytosis, thrombocyto-
penia, and elevated inflammatory markers. Nasopharyn-
geal SARS-CoV-2 PCR was positive, and he was admitted 
to the pediatric intensive care unit with COVID-19 pneu-
monia, septic shock, and multiorgan failure.

Chest radiographs showed progressive bilateral alveolo-
interstitial opacities and consolidation consistent with CO-
VID-19–related ARDS, without pneumothorax. Abdomi-
nal ultrasonography demonstrated normal solid organs but 
edematous bowel loops around the colostomy, suggesting 
venous congestion secondary to systemic inflammation 
and hypoperfusion.

He received antibiotics, fluids, vasopressor, corticosteroid, 
and bronchodilator therapy. Despite transient improve-
ment, respiratory failure progressed, requiring intubation 
and ventilation. Within 24 hours, he developed severe hy-
poxemia and cardiac arrest, and died despite resuscitation. 
Immediately before death, pre-mortem incisional biopsies 
were obtained from the myocardium and lung for patho-
logical evaluation.

Sections from the myocardial biopsy revealed myocar-
dial fibers that were variable in size and shape, separated 
by interstitial edema. Most myocytes showed degenerative 
changes, including nuclear centralization and perinuclear 
sarcoplasmic vacuolization. Some myocytes exhibited loss 
of cross-striations. Within the interstitium, mild edema 
and scattered lymphocytes were noted (Figure 1A,B). The 
endothelial cells of small intramyocardial vessels were swol-
len and vacuolated, indicating endothelial injury. Although 
no significant inflammatory cell infiltration was seen on 
routine hematoxylin–eosin sections, occasional interstitial 
lymphocytes were present. Immunohistochemical staining 
demonstrated that these lymphocytes were predominantly 
CD3-positive T cells (Figure 1C), whereas CD20-positive B 
cells were rare (CD3: clone MRQ-39; EDTA 20’; 1/400; cell-
marque. CD20: clone L26; EDTA 20’; predilue; ventana). No 
viral inclusions or extensive myocyte necrosis were identi-
fied. Anti–SARS-CoV-2 immunostaining (rabbit polyclonal 
SARS-CoV-2 S1; citrate buffer, 10’; 1:300; Abcam, Cam-
bridge, UK) was negative for viral antigen expression. The 
findings corresponded to acute immune-mediated myocar-
dial injury rather than classic lymphocytic myocarditis.
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Sections from the pleural biopsy demonstrated non-specif-
ic findings, including fibrous connective tissue with con-
gested blood vessels and occasional lymphocytes within the 
stroma. Consistent with the findings in the lung parenchy-
ma, anti–SARS-CoV-2 immunostaining (rabbit polyclonal 
SARS-CoV-2 S1; citrate buffer, 10’; 1:300; Abcam, Cam-
bridge, UK) showed no evidence of viral antigen expres-
sion.

Final diagnoses included myocardial degenerative–edema-
tous changes with endothelial injury, pulmonary throm-
botic microangiopathy with mild interstitial inflammation, 
and pleural vascular congestion with sparse lymphocytes. 
These findings indicated multifocal endothelial injury and 
secondary microangiopathy, with mild CD3+ T-cell–pre-
dominant inflammation supporting an immune-mediated 
process consistent with MIS-C in the context of SARS-
CoV-2 infection. Clinicopathologic features fulfilled CDC 
(2023) and WHO (2020) diagnostic criteria for MIS-C, cor-

Sections from the lung biopsy showed reactive endothelial 
cells lining small vessels and capillaries, intravascular in-
flammatory cells, and fibrin-rich microthrombi in several 
small-caliber vessels, consistent with thrombotic micro-
angiopathy (Figure 1D,E). Immunohistochemical staining 
for CD61 (clone 2f2; EDTA 20’; dilution 1/25; Novacastra) 
highlighted platelet aggregates and fibrin thrombi within 
the microvasculature (Figure 1F). Alveolar macrophages 
and interstitial lymphocytes were also present, accompa-
nied by mild interstitial inflammation and focal alveolar 
hemorrhage. These features reflected endothelial activa-
tion and microvascular thrombosis, consistent with CO-
VID-19–associated vasculopathy.

Anti–SARS-CoV-2 immunostaining (rabbit polyclonal 
SARS-CoV-2 S1; citrate buffer, 10’; 1:300; Abcam, Cam-
bridge, UK) revealed granular cytoplasmic reactivity in al-
veolar lining epithelial cells and in a subset of respiratory 
epithelial cells of small bronchi (Figure 2B,C).

Figure 1: Representative histopathologic and immunohistochemical findings from pre-mortem myocardial and pulmonary biopsies.
Myocardium – A) Myocardial fibers varying in size and shape, separated by mild interstitial edema. Most fibers show degenerative 
changes, including mild perinuclear sarcoplasmic vacuolization, loss of cross-striations, and nuclear centralization (H&E, ×400). 
B) Endothelial cells of small intramyocardial vessels are swollen and vacuolated, indicating endothelial injury (H&E, ×400). C) Occasional 
interstitial lymphocytes are predominantly CD3-positive T cells (IHC, hematoxylin counterstain, ×100); no significant inflammatory cell 
infiltration is seen on routine hematoxylin–eosin sections.
Lung – D) Intravascular inflammatory cells and fibrin-rich microthrombi within pulmonary vessels, consistent with thrombotic 
microangiopathy (H&E, ×200). E) Pulmonary parenchyma showing reactive endothelial cells lining small vessels containing fragmented 
erythrocytes and intimal thickening; small bronchi exhibit non-specific changes. Mild perivascular inflammation with sparse interstitial 
lymphocytes is associated with microthrombotic foci (H&E, ×100). F) Immunohistochemical staining for CD61 highlights platelet aggregates 
and fibrin thrombi within the microvasculature, confirming thrombotic microangiopathy (IHC, hematoxylin counterstain, ×200).
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an age more suggestive of Kawasaki disease, the timing of 
presentation and the histopathologic findings—marked by 
endothelial injury and thrombotic microangiopathy rather 
than direct viral cytopathy—support a secondary immune-
mediated process consistent with MIS-C (17).

At the tissue level, MIS-C reflects a dysregulated immune 
response in which endothelial activation, cytokine-medi-
ated inflammation, and microvascular thrombosis act to-
gether to produce tissue injury, with thrombotic microan-
giopathy representing a key morphologic correlate of this 
process (7,23,24). Autopsy studies support this concept: 
viral antigen has been demonstrated in endothelial cells in 
pediatric COVID-19 (11), while myocardial edema, lym-
phocytic infiltration, and fibrin-rich microthrombi have 
been reported across multiple organs (12,15,23). Together, 
these findings suggest that vascular injury in MIS-C is pre-
dominantly immune-mediated, although focal viral effects 
may coexist.

In the presented patient, pre-mortem myocardial and lung 
biopsies demonstrated endothelial swelling, cytoplasmic 
vacuolization, and platelet–fibrin microthrombi, consistent 
with thrombotic microangiopathy. These findings resem-
ble those reported in MIS-C but were less extensive, likely 
reflecting an earlier disease stage. Immunohistochemical 
staining for CD61 confirmed platelet-fibrin aggregates, 
supporting localized thromboinflammatory activation. Vi-
ral antigen was absent in the myocardium and pleura but 
present in respiratory epithelium, suggesting that extra-
pulmonary injury was primarily immune-mediated rather 
than due to direct viral cytopathy.

roborated by histopathologic evidence of endothelial and 
microvascular injury (Table I).

DISCUSSION

Multisystem Inflammatory Syndrome in Children (MIS-C) 
is a postinfectious hyperinflammatory disorder that typi-
cally develops several weeks after SARS-CoV-2 infection. 
Large multicenter studies have demonstrated predominant 
cardiac and gastrointestinal involvement (up to 80–90% 
and 70–80%, respectively), with 60–80% of patients requir-
ing intensive care and a mortality rate of 1–4% (4,16,17)
(18). Laboratory abnormalities commonly include marked-
ly elevated C-reactive protein, D-dimer, ferritin, and IL-6, 
reflecting systemic immune activation (4,19).

Our patient presented with persistent fever, multiorgan 
dysfunction, and rapid cardiovascular deterioration, con-
sistent with these features. However, unlike the typical MIS-
C population, this case occurred in an infant with devel-
opmental anomalies and prior surgical history associated 
with potential immune suppression, which may have con-
tributed to a more severe clinical course.

MIS-C shares clinical features with Kawasaki disease and 
toxic shock syndrome, but differs in age distribution, ex-
tent of cardiac involvement, and cytokine profile (20). It is 
characterized by a cytokine milieu enriched in IL-6, IL-10, 
and IFN-γ, distinct from the IL-1β and TNF-α predomi-
nance seen in acute infection (7,20–22). Unlike severe acute 
COVID-19, MIS-C represents a delayed immune dysregu-
lation with limited viral replication and exaggerated adap-
tive immune activation (19). Although this case occurred at 

Figure 2: Histopathologic and immunohistochemical findings for SARS-CoV-2 in the lung biopsy.
A) Lung parenchyma with alveolar septa containing small vessels showing intimal thickening, endothelial injury, and occasional 
fragmented erythrocytes. Alveolar and bronchiolar epithelial cells exhibit non-specific changes (H&E, ×100). B) Anti–SARS-CoV-2 
immunohistochemistry demonstrating granular cytoplasmic positivity in alveolar lining epithelial cells and in respiratory epithelial cells 
lining small bronchi (IHC, hematoxylin counterstain, ×100). C) Higher-magnification view confirming cytoplasmic immunoreactivity in 
alveolar lining cells, whereas fibroblasts and vascular endothelial cells within the septa remain negative (IHC, hematoxylin counterstain, 
×200).

A B C
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Pre-mortem histopathologic data in MIS-C remain limited, 
as most reports are based on autopsy material (11,12). Our 
case captures an earlier phase of endothelial injury and mi-
crovascular inflammation before irreversible tissue damage, 
such as necrosis or severe ischemic change. The coexistence 
of pulmonary viral antigen and extrapulmonary immune-

Although lymphocytic infiltration was mild, the predomi-
nance of CD3+ T cells suggests a T-cell–mediated immune 
response consistent with MIS-C (7). This pattern aligns 
with the cytokine profile observed in MIS-C, and supports 
immune-mediated vascular inflammation as a contributor 
to tissue injury.

Table I: Evaluation of MIS-C Diagnostic Criteria in the Present Case According to CDC (2023) and WHO (2020) Definitions 
(1,2).

Criterion CDC (2023) Definition WHO (2020) 
Definition Findings in the Present Case Criterion 

Met
Age < 21 years 0–19 years 9-month-old male infant Yes

Fever Subjective or documented fever 
≥38.0°C Fever ≥3 days Documented fever (38.8°C) for 3 days 

prior to admission Yes

Evidence of 
SARS-CoV-2 
infection

Positive PCR, antigen, or serology 
for SARS-CoV-2

Evidence of 
COVID-19 
infection or contact

Positive nasopharyngeal SARS-CoV-2 
PCR Yes

Inflammation 
markers

Elevated CRP (≥3 mg/dL), 
ESR, fibrinogen, procalcitonin, 
D-dimer, ferritin, LDH, IL-6, or 
neutrophilia

Elevated markers of 
inflammation (ESR, 
CRP, procalcitonin, 
etc.)

Markedly elevated CRP, D-dimer, 
lactate, ferritin; leukocytosis and 
thrombocytopenia

Yes

Multisystem 
(≥2) 
involvement

≥2 organ systems affected (cardiac, 
renal, respiratory, hematologic, 
gastrointestinal, dermatologic, 
neurological)

Involvement of ≥2 
organ systems

Cardiac: tachycardia, hypotension, 
endothelial injury, myocardial 
degeneration. Respiratory: ARDS, 
alveolar microthrombi. GI: vomiting, 
melena, distension. Hematologic: 
thrombocytopenia.

Yes

Cardiac 
involvement

Elevated troponin/BNP, 
myocarditis, pericarditis, coronary 
abnormalities, arrhythmia, or 
ventricular dysfunction

Same

Myocardial biopsy: degenerative 
myocyte changes, endothelial injury, 
mild T-cell infiltrate; consistent with 
immune-mediated myocardial injury

Yes

Respiratory 
involvement

Pulmonary infiltrates, ARDS, or 
hypoxemia

Part of multisystem 
inflammation

Bilateral alveolo-interstitial opacities; 
fibrin-platelet microthrombi and 
alveolar hemorrhage

Yes

Hematologic 
involvement

Thrombocytopenia, coagulopathy, 
or elevated D-dimer Same

Thrombocytopenia and microvascular 
thrombosis consistent with thrombotic 
microangiopathy

Yes

Gastrointestinal 
involvement

Abdominal pain, vomiting, 
diarrhea Same Persistent vomiting, abdominal 

distension, melena Yes

Exclusion of 
alternative 
causes

No alternative plausible diagnosis 
(e.g., bacterial sepsis, toxic shock)

No other 
microbial cause of 
inflammation

Bacterial cultures negative; no 
histologic features of bacterial sepsis Yes

Histopathologic 
correlation Not required (supportive) Not required 

(supportive)

Pre-mortem biopsies showing 
endothelial injury, thrombotic 
microangiopathy, T-cell–dominant 
inflammation without viral cytopathy

Supportive 
evidence

CDC: Centers for Disease Control and Prevention, WHO: World Health Organization, PCR: Polymerase Chain Reaction, SARS-CoV-2: Severe 
Acute Respiratory Syndrome Coronavirus 2, ARDS: Acute Respiratory Distress Syndrome, BNP: B-type Natriuretic Peptide, CRP: C-reactive 
Protein, ESR: Erythrocyte Sedimentation Rate, LDH: Lactate Dehydrogenase.
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mediated injury highlights the multiphasic nature of MIS-C 
and underscores the diagnostic value of early biopsy.

In conclusion, this infant-onset, biopsy-confirmed MIS-C–
like case provides rare pre-mortem evidence of endothelial 
injury and thrombotic microangiopathy as early morpho-
logic correlates of immune-mediated vasculopathy. The 
findings emphasize MIS-C as a vascular inflammatory phe-
notype linking pediatric and adult COVID-19–associated 
endotheliopathy and highlight the importance of recogniz-
ing these features for early diagnosis and potential endothe-
lial-targeted therapy.
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