
The successful use of eculizumab for treatment of 
thrombotic microangiopathy in pediatric acute SARS-
CoV2 infection and multisystem inflammatory syndrome 
in children

Evidence of complement activation, endothelial injury, and 
thrombotic microangiopathy (TMA) is becoming increas-
ingly recognized in patients with acute SARS-CoV-2 infec-
tion and multisystem inflammatory syndrome in children 
(MIS-C) and adults (MIS-A). Recently, Diorio et al. found 
elevated lactate dehydrogenase (LDH) and soluble C5b-9 
(sC5b-9), anemia, thrombocytopenia, schistocytes, renal 
damage, and hypertension in a subset of pediatric pa-
tients with active SARS-CoV-2 infection and MIS-C, con-
sistent with complement-mediated TMA (CM-TMA).1 
Eculizumab, an anti-C5 monoclonal antibody that inhibits 
terminal complement activation, has been used to treat 
hematopoietic cell transplant-associated TMA (TA-TMA), 
with a response rate of up to 66%.2 Given reported find-
ings consistent with TMA in both acute SARS-CoV-2 in-
fection and MIS-C, eculizumab may provide therapeutic 
benefit in this setting. However, there is a paucity of data 
describing its use. Here we present three patients diag-
nosed with TMA during acute COVID-19/MIS-C who were 
treated with eculizumab and propose a “multiple-hit” hy-
pothesis for pediatric patients with an increased risk of 
SARS-CoV-2 associated TMA.  
Patient 1 (Figure 1A) is an 11-year-old Black female with 
sickle cell disease (HbS β thalassemia) who was initially 
hospitalized with positive SARS-CoV-2 PCR and acute 
chest syndrome. While hospitalized, she developed warm 
autoimmune hemolytic anemia (AIHA) with initial re-
sponse to IVIG and methylprednisolone. She was dis-
charged on prednisone (1 mg/kg every 12 hours). Five days 
after discharge she presented in status epilepticus and 
was notably hypertensive and intermittently febrile. Schis-
tocytes and an elevated LDH were noted. Brain magnetic 
resonance imaging with angiography (MRI/MRA) was most 
consistent with posterior reversible encephalopathy syn-
drome (PRES). Despite continuation of prednisone for 
AIHA, she developed worsening anemia and thrombo-
cytopenia, both requiring transfusions, and worsening re-
fractory hypertension requiring five antihypertensive 
medications. Elevated temperature, C-reactive protein 
(CRP; peak 27.3 mg/dL), ferritin (peak 34,053 ng/mL), and 
D-Dimer (peak >20.0 µg/mL) also suggested a hyper-
inflammatory state (Figure 1A). This prompted, on hospital 
day (HD) 7-8, initiation of high-dose methylprednisolone 
(1 g/day divided every 6 hours), rituximab (560 mg), and 

IVIG (1 g/kg) for aggressive AIHA treatment, and anakinra 
(150 mg every 6 hours) and tocilizumab (400 mg twice) for 
treatment of hyperinflammation (Figure 1A). Despite these 
therapies, on HD 9 she developed new hypoxic respiratory 
failure and bronchoscopy revealed diffuse alveolar hemor-
rhage (DAH). She also demonstrated pulmonary hyperten-
sion on transthoracic echocardiogram (TEE), proteinuria 
(peak 5.15 mg/mg creatinine), elevated LDH (peak 2,905 
units/L), elevated sC5b-9 (peak 1,254 ng/mL), thrombo-
cytopenia refractory to platelet transfusions, schistocytes, 
and a low C4, consistent with CM-TMA (Table 1). Following 
the diagnosis of CM-TMA, she received her first dose of 
eculizumab (HD 9), after which both her CH50 and sC5b9 
levels normalized, and her DAH and pulmonary hyperten-
sion all rapidly improved. Prior to eculizumab she required 
platelets and blood almost daily. Following her second 
dose of eculizumab (HD 12) she did not require any trans-
fusions for 3 weeks. Following her third dose of eculizu-
mab (HD 14), she was transferred out of the intensive care 
unit. She was able to be discharged on HD 36.  
Patient 2 (Figure 1B) is a 2-year-old Black female with 
sickle cell (Hb SC) disease who presented with 1 day of 
fever and vaso-occlusive crisis. She had no respiratory 
symptoms or known history of COVID-19. After hospital 
admission, she was persistently febrile with rising inflam-
matory markers despite antibiotic therapy. Infectious dis-
ease work-up was negative including blood cultures, urine 
cultures, and chest X-ray (CXR) were negative for pathol-
ogy, but revealed anti-SARS-CoV-2 antibodies in blood 
with a negative SARS-CoV-2 PCR. Further evaluation dem-
onstrated elevated CRP (19.9 mg/dL), ferritin (2,913 
ng/mL), B-type natriuretic peptide (NT-proBNP; 39,972 
pg/mL), and D-dimer (14.59 µg/mL) with a normal troponin 
T. TTE revealed mildly reduced left ventricle ejection frac-
tion (LVEF) of 50-55%, diastolic dysfunction, and a mod-
erate pericardial effusion. Based on these findings and 
presence of thrombocytopenia, a diagnosis of MIS-C was 
made. IVIG (2 g/kg), methylprednisolone (1 mg/kg every 12 
hours) and enoxaparin were initiated. Though she initially 
had no evidence of renal dysfunction, her creatinine grad-
ually increased during her hospitalization (peak HD 5), and 
she developed severe hypertension requiring initiation of 
five antihypertensives. Repeat CXR demonstrated bilateral 
pleural effusions. Given the concern for uncontrolled in-
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flammation and serositis, anakinra (10 mg/kg/day, divided 
every 6 hours) and ibuprofen were started on HD 10. Based 
on lack of improvement of severe LDH elevation (peak 885 
units/L), anemia (nadir 6.3 g/dL), thrombocytopenia, pres-
ence of schistocytes, proteinuria (2+), severe hyperten-

sion, serositis, and elevated soluble C5b-9 (396 ng/mL) 
despite intensification of MIS-C therapy, the patient was 
diagnosed with CM-TMA and was treated with eculizumab 
600 mg (Table 1). Two days following the first dose of 
eculizumab, her blood pressure improved and three of her 

Figure 1. Temporal association of clinical and laboratory improvement with eculizumab dosing. (A) In patient 1, lactate dehydro-
genase (LDH) drastically decreased after the first dose of eculizumab. Terminal complement (C5b-9) and total complement 
(CH50) notably decreased after the first dose of eculizumab illustrating adequate inhibition of the complement cascade. Hemo-
globin and platelets count stabilized after 2 doses of eculizumab with significant reduction in need for platelet transfusions. 
Systemic hypertension fluctuated during the hospital course with no temporal association with eculizumab. (B) In patient 2, 
initial improvement in LDH and hemoglobin as hemolysis related to improvement of underlying vaso-occlusive crisis can be 
seen; however, thrombocytopenia persists despite use of steroids, anakinra and IVIG for treatment of multisystem inflammatory 
syndrome in children (MIS-C). Peak creatinine occurred on hopital day (HD) 5 with improvement to baseline by HD 8. There was 
continued improvement of LDH and hemoglobin and resolution of thrombocytopenia after the initiation of eculizumab. Adequate 
complement inhibition was achieved based on decreased C5b-9 and CH50 levels. Systolic and diastolic blood pressure increased 
on HD 6. Hypertension was progressive and refractory to multiple antihypertensives. After the second dose of eculizumab, blood 
pressure improved, and antihypertensive agents were aggressively weaned, and steroids were titrated down with the improve-
ment of inflammation. (C) In patient 3, there was improvement in hemoglobin and C5b-9 with cyclosporine discontinuation. Ad-
equate complement inhibition was achieved based on decreased CH50 levels. LDH showed rapid and progressive reduction after 
initiation of eculizumab. PCT: pericardiocentesis; PLT: platelet transfusion; ECZ: eculizumab; AHT: hypertensive medications.
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five antihypertensives were discontinued. After her sec-
ond dose of eculizumab 600 mg, she was transferred out 
of the intensive care unit and only required one antihy-
pertensive agent. Her inflammatory markers, renal func-
tion, and thrombocytopenia all returned to baseline 
following her second dose. Subsequent TTE showed im-
provement in LVEF and resolution of the pericardial effu-
sion. By the end of her hospital stay, her sC5b-9 level 
normalized, and she was discharged on one cardioprotec-
tive antihypertensive medication.  
Patient 3 (Figure 1C) is a 6-year-old Hispanic male with 
relapsed B-cell acute lymphoblastic leukemia admitted 
with fever and hypoxemia on day +45 following a matched 
sibling donor hematopoietic cell transplant. Work-up re-
vealed a positive SARS-CoV-2 PCR on HD 1. Elevated C-
reactive protein (CRP) (3.9 mg/dL), ferritin (680 ng/mL), 
D-dimer (0.83 µg/mL) and NT-proBNP; 1,740 pg/mL were 
noted without elevation of troponin-T. A TTE on HD 1 

showed a pericardial effusion without tamponade physi-
ology and preserved biventricular function. Remdesivir 
(125 mg daily for 10 days) and a single infusion of con-
valescent plasma were given with improvement of respir-
atory status. However, on HD 12 repeat CXR and TTE 
demonstrated worsening serositis with bilateral pleural 
effusions and enlargement of the pericardial effusion with 
tamponade physiology. Emergent pericardial drainage was 
performed, and dexamethasone (0.15 mg/kg/day for 10 
days) was started. Additionally, the patient was noted to 
have rising LDH, schistocytes, thrombocytopenia, protei-
nuria (4.51 mg/mg creatinine), and hypertension which was 
suggestive of evolving TMA (Table 1; Figure 1C). On HD 15, 
cyclosporine for graft-versus-host disease (GVHD) prophy-
laxis was discontinued with some improvement in anemia 
and sCb-9 but without resolution of serositis or signifi-
cant improvement in other laboratory findings (proteinuria 
[11.45 mg/mg creatinine], LDH, schistocyte count [7.1 OIF 

Patient 1 Patient 2 Patient 3

TMA criteria (number met) (2, 7, 11) 7 6 5

Elevated LDH + + +

Presence of schistocytes + + +

New anemia for age +** - -

New thrombocytopenia for age + + +***

Presence of proteinuria  
(>/=1+ proteinuria [30 mg/dL] on urinalysis or 
random urine protein/ creatinine ratio >/=2 
mg/mg

+ + +

Presence of hypertension  
(>99th percentile for age, sex and height)

+ + +

Elevated sC5b-9 + + -

Other symptoms consistent with TMA

Serositis - + +

Renal dysfunction* + + -

PRES + - -

Pulmonary hemorrhage + - -

Eculizumab details

Weight, kg 51 13.5 23.9

Dose, mg 900 300 600

Number of doses required 5 3 7

Duration of therapy, weeks 3 2 12

TMA: thrombotic microangiopathy; LDH: lactate dehydrogenase; PRES: posterior reversible encephalopathy; *renal dysfunction was determined 
based on the Kidney Disease: Improving Global Outcomes (KDIGO) criteria; **patient also had AIHA; ***platelet count after engraftment was 
212x10x103/µL with baseline platelet count at admission138x103 cells/µL.

Table 1. Signs and symptoms of complement-mediated thrombotic microangiopathy in patient series.
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schistocytes/100 X objective]). The patient underwent a 
pericardial window procedure for persistent pericardial ef-
fusion and eculizumab was started on HD 19 for TA-TMA 
(Table 1). After initiation of eculizumab, LDH and schisto-
cyte count improved (3.2 OIF) and hemoglobin stabilized 
(Figure 1C). After the second dose of eculizumab, protei-
nuria resolved, and antihypertensive therapy was weaned. 
He was discharged after a 4-week hospitalization and 
eculizumab was continued 8 weeks after discharge. His 
platelet count, creatinine, and hemoglobin normalized 
with this therapy.  

There has been increasing attention given to the contribu-
tion of complement pathway activation in the pathogen-
esis of SARS-CoV-2 infection (Figure 2). Indeed, elevated 
soluble C5b-9 has been found to correlate with SARS-
CoV-2 disease severity.1,3,4 Reported efficacy of terminal 
complement inhibition for treatment of severe acute 
COVID-19 has been mixed. Initially, there was evidence of 
improved outcomes in a proof-of-concept study;5 how-
ever, a phase III trial of ravulizumab (mAb for C5a; clini-
caltrials gov. Identifier: NCT 04369469) was stopped early 
due to a lack of efficacy. However, these studies did not 

Figure 2. Multiple-hit hypothesis of complement activation. SARS-CoV-2 infection leads to activation of the complement cascade 
through all three known pathways - classical, lectin, and alternative. The classical pathway is activated by binding of the C1 
complex with antigen-antibody (Ag-Ab) complexes. The robust formation and continued presence of Ag-Ab complexes may act 
as a driver of complement activation in the setting of patient with multisystem inflammatory syndrome in children (MIS-C). 
SARS-CoV-2 N protein is thought to interact with the MASP2-MBL complex leading to activation of the lectin pathway.8 SARS-
CoV-2 S protein interacts and activates the C3 within the alternative pathway.10,12 All 3 pathways converge with the production of 
C3 and C5 convertases and ultimately the cleavage and production of both C3a and C5a, which are anaphylatoxins, and C5b, 
leading to the development of the membrane attach complex (MAC). C3a and C5a propagate inflammation by recruiting neutro-
phils and monocytes/macrophages, which release proinflammatory cytokines, leading to damage to surrounding tissue and en-
dothelium. Additionally, in the setting of complement-mediated thrombotic microangiopathy (CM-TMA), the MAC is thought to 
lead to endothelial damage by forming in the membrane of endothelial cells, endotheliitis, and the formation of microthrombi.2,7 
In our patient series, there was likely additional activation of the complement system in the setting of sickle cell disease (patients 
1 and 2) or autoimmune hemolytic anemia due to free heme that is known to interact with C3 (alternative pathway), which lead 
to increased due to free heme that is known to cause C3 (alternative pathway) hydrolysis with production of downstream com-
plement (C3a, C3b, C5a, C5b).9 Patient 3 was day +45 after hematopoietic cell transplant and on a calcineurin inhibitor for graft-
versus-host disease prophylaxis that is known to lead to increased complement activation through the alternative pathway.2,7 An 
additional risk factor that was unknown in our patients could be the presence of complement mutations leading to issues with 
homeostatic balance of complement activity. The mechanism of action of eculizumab is the binding of C5, thereby preventing 
the formation of C5a and the MAC preventing downstream effects. All patients in this series either showed evidence of or had 
presumed increased level of MAC with clinical response with initiation of eculizumab.
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select for patients with clear evidence of TMA or endothe-
lial dysfunction, which leaves open the possibility of effi-
cacy for the subset of patients with these findings in the 
setting of COVID-19. 
Here we discuss three patients with diagnoses of acute 
COVID-19/MIS-C and complement-mediated TMA with 
progressive end organ dysfunction, refractory hyperten-
sion, acute kidney injury, and serositis and/or DAH, despite 
appropriate COVID-19/MIS-C directed therapies (Table 1). 
Interestingly, all patients had a biphasic clinical course 
with initial improvement upon starting COVID-19/MIS-C 
directed therapies followed by clinical worsening (median 
9 days after admission). After treatment with eculizumab, 
all patients had appropriate laboratory response and im-
provement in serositis, hypertension, and organ function. 
The diagnosis of TMA in these patients was difficult due to 
possible alternative etiologies for the corresponding ab-
normal findings, such as elevated LDH in a patient with 
sickle cell disease. However, the presence of multiple spe-
cific TMA-related findings along with clinical response to 
eculizumab are suggestive of CM-TMA. All three patients 
had known causes of underlying endothelial injury and 
complement activation, including AIHA, TA-TMA, and sickle 
cell disease.6 We hypothesize that the additional comple-
ment activation associated with SARS-CoV-2 infection 
contributed to a multiple-hit pathogenesis that resulted 
in uncontrolled complement activation and severe organ 
dysfunction in these at-risk patients (Figure 2).2,6-10 None 
of these patients experienced recurrent TMA, consistent 
with previous reports of resolution of increased terminal 
complement levels by 30 days after initial SARS-CoV-2 in-
fection.3  
CM-TMA should be considered in patients with acute 
COVID-19/MIS-C who have known underlying endothelial 
injury and evidence of worsening end organ dysfunction, 
particularly if previously showing improvement or failing 
standard therapy. In these situations, terminal comple-
ment inhibition with eculizumab may offer therapeutic 
benefit. Further investigation is warranted to determine ef-
ficacy and length of therapy of eculizumab in patients with 
evidence of TMA and end organ dysfunction in the setting 
of acute COVID-19/MIS-C.  
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