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Abstract

Multisystem inflammatory syndrome in children (MIS-C) associated with SARS-CoV-2 infection with clinical features of

Kawasaki-like disease was reported in various pediatric centers in late April 2020. Currently, cases have increased throughout

the world with a range of manifestations from less to greater severity. However, hemophagocytosis has not been described in

patients with MIS-C. We describe two infants diagnosed with MIS-C who presented Macrophage Activation Syndrome (MAS)

with hemophagocytosis documented in the bone marrow. MIS-C can be complicated with MAS, the key features for diagnosis

are splenomegaly, hypofibrinogenemia, hypertriglyceridemia and bone marrow hemophagocytosis. Cytokine storm and MAS in

MIS-C may represent part of the spectrum of the disease and HScore could be of value in order to give timely and aggressive

treatment.

Introduction

COVID-19 infection emerged in Wuhan, China in December 2019 (1) and rapidly expanded worldwide
as a cause of severe acute respiratory syndrome (SARS-CoV-2), affecting more severely older adults with
comorbidities. In late April 2020 severe forms of SARS-CoV-2 infection in children with shock and Kawasaki
disease-like features (2, 3) were reported in the UK and Italy. In the initial report, macrophage activation
syndrome (MAS) features were described in 5 of 10 patients diagnosed with this complication (3). However,
hemophagocitosis has not been described in patients with MIS-C. We report two infants diagnosed with
MIS-C who presented MAS who responded to biological and immunosuppressants therapies.

Case 1

A previously healthy 6-month-old girl presented a three-day history of high-grade fever, irritability and
vomiting. Upon admission, myoclonic movements of both hands, oral aphthae, and conjunctival erythema
in the right eye were noticed. Due to clinical suspicion of encephalitis, a lumbar puncture was performed
which showed pleocytosis with WBC count 141 mm3, 75% monocytes, 15% PMN, glucose 73 mg/dL, protein
181mg/dL and LDH 50 U/L. Complete blood count revealed WBC 14,350/mm3 (75% PMN, 20.6% lympho-
cytes), Hb 9.7g/dL, platelets 110,000/mm3, CRP 10mg/dL, procalcitonin 7.5ng/mL, UA showed leukocy-
turia. The patient received treatment with cefotaxime and vancomycin. High fever persisted with vomiting
and generalized erythematous rash. COVID-19 was suspected, a CT of the chest showed right lung apical
consolidation and subsegmental atelectasis with subsegmental pneumonic foci in the left lung (Figure 1A).
Subsequent laboratory tests showed WBC 29,900/mm3, PMN 23,390/mm3(78%), lymphocytes 6,010/mm3,
Hb 10.2g/dL, platelets 107,000/mm3, CRP 16.7mg/dL, ESR 37mm/hr, procalcitonin 46.3 ng/mL, albumin
1.9 g/dL, D-dimer 3.49 mg/mL, NT-proBNP 2.916 pg, Troponin I <10 pg/mL, fibrinogen 125 mg/dL, with
positive IgG and negative nasopharyngeal RT-PCR for SARS-CoV-2. The diagnosis of MIS-C was made
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and treatment with IVIG (2g/kg), three boluses of methylprednisolone (30 mg/kg/dose) and enoxaparin (1
mg/kg/dose) was started. The echocardiogram reported LVEF 59%, mild mitral and tricuspid regurgitation,
with mild pericardial effusion, with normal coronary arteries.

On day 9 he presented increased respiratory effort, continuous fever, hypotension and lactic acidosis. The
CT scan showed an increase in bilateral pulmonary infiltrate (Fig. 2), hepatomegaly and splenomegaly
of 4 cm below the costal border. Laboratory test showed WBC 47,720/mm3, PMN 41,800/mm3(87.5%),
lymphocytes 4,990/mm3, Hb 11g/dL, platelets 89,000/mm3, CRP 13 mg/dL, albumin 3.1g/dL, AST 271
U/L, ALT 351 U/L, total bilirubin 0.61 mg/dL, indirect bilirubin 0.15mg/dL, D-dimer 6.36 mcg/mL, NT-
proBNP 12.347 pg, ferritin 2.204 ng/mL, fibrinogen 105 mg/dL, negative blood cultures. A second dose of
IVIG (2g/kg) and three consecutive methylprednisolone pulses were administered.

Due to the presence of persistent fever, hyperferritinemia, anemia and thrombocytopenia, hypofibrinogene-
mia, elevated transaminases, a bone marrow aspiration was performed with evidence of four hemophagocytic
cells (figure 2), HScore was 243. The patient received dexamethasone 10 mg/m2/day and cyclosporine-A (3
mg/kg/day). After 72 hours the IL-6 level was 63.1 pg/mL and the patient received tocilizumab 12mg/kg/day
and a second dose after 12 hrs. Clinical improvement was observed within 24 to 36 hours with normalization of
fever, respiratory failure, and inflammatory biomarkers. On follow-up, all medications were suspended and a
new bone marrow aspiration was performed at day 28 of presentation, with no evidence of hemophagocytosis
(Figure 2C).

Case 2

A 5-month-old girl developed five days before admission high fever, pallor, irritability, nausea, vomiting, diar-
rhea and a perianal dermatosis. Clinically she was lethargic, dehydrated, with generalized pallor, tachypnea
and bilateral rales, cervical, axillar and inguinal lymphadenopathies, hepatosplenomegaly and week periph-
eral pulses. Laboratory tests showed WBC 14,930/mm3 (PMN 5%, lymphocytes 55%, monocytes 40%), Hb
3.7g/dL, platelet count 8,000/mm3, albumin 2.3 g/dL, total bilirubin 1.1 mg/dL, CRP 37.1mg/dL, procal-
citonin 11 ng/mL, ferritin 2,290 ng/mL and fibrinogen 398 mg/dL. Treatment was initiated with cefotaxime
and vancomycin, a chest CT was performed with findings suggestive of COVID-19 infection, with inter-
stitial infiltrates, ground-glass opacities bronchoalveolar thickening and left subsegmental atelectasis (Fig
1B). Laboratory tests showed a D-dimer 6.52 μg/mL, NT-proBNP 207 pg/mL, Troponin I <10 pg/ with
positive immunoglobulin IgG serology and negative RT-PCR for SARS-CoV-2; the echocardiogram reported
LVEF 48%. The diagnosis of MIS-C was made and received treatment with IVIG (2g/kg), three boluses of
methylprednisolone (30 mg/kg/dose) and enoxaparin (1 mg/kg/dose).

She had persistent fever, bicytopenia with anemia and thrombocytopenia, albumin 2.9g/dL, total bilirubin
0.67 mg/dL, CRP 1.6 mg/dL, procalcitonin 0.53 ng/mL, D-dimer 6.14 mcg/mL, ferritin 1000 ng/mL, NT-
proBNP 428 pg/mL triglycerides 531 mg/dL, fibrinogen 159 mg/dL, IL-6 levels in 4.52 pg/mL (<9.7); she
developed multi-organ failure despite treatment and had significant hepatosplenomegaly. A bone marrow
aspiration was performed with hemophagocytosis (Figure 3); HScore was 224. A second dose of IVIG was
administrated and had induction treatment according to HLH 2004 Protocol with low dose etoposide and
dexamethasone. Blood cultures grew Serratia marcescens was treated with meropenem. Clinical improve-
ment was seen after 72 hours and the patient had a favorable response after six weeks of chemotherapy
with normalization of CBC; follow-up, all medications were stopped and a new bone marrow biopsy showed
normal findings (Figure 3C). Primary Hemophagocytic lymphohistiocytosis (HLH) was ruled out with next-
generation sequencing.

Discussion

MIS-C was described at the end of April 2020 as a hyperinflammatory syndrome like-KD, since then thou-
sands of cases have been described in various centers around the world (2, 3).

In adults, COVID-19 acute infection can present as a severe form known as cytokine storm syndrome
(CS), with alveolar macrophage activation with release of TNF-α, IL-1β, IL-6, with systemic inflammatory
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response and multiorgan dysfunction (4). ). In a postmortem study of severe COVID-19 in adults, three
of the four cases had histologic evidence of hemophagocytosis in pulmonary lymph nodes, one case had
hemophagocytosis in the spleen, but none had hemophagocytosis in the liver or bone marrow (5).

In an autopsy retrospective single-center study, patients who tested positive for COVID-19; hemophagocy-
tosis, ranging from rare to many scattered cells, was identified histologically on H&E and/or CD68 immuno-
histochemical stains in all of 19 study patients (6). In contrast, Wood et al. and Lorenz et al. reported
that secondary HLH is rare in severe adult COVID-19 patients (7, 8). Splenomegaly, a frequent feature of
HLH, is rare in CS COVID-19 patients; in fact, autopsies show a reduction of spleen volume and white pulp,
lymphocyte apoptosis and splenic thrombosis without evidence of hemophagocytosis (4).

MAS, a term used interchangeably with sHLH, is a potentially fatal complication of infectious and rheuma-
tological diseases including Kawasaki disease (KD). MAS occurs in 1.9-4.7% of KD patients (10).

A validated risk calculator known as the HScore is used to identify those patients with a high probability of
a diagnosis of MAS and guide immunosuppressive therapy (11). The HScore carries a diagnostic sensitivity
of 90%, and specificity of 79% for HLH. This score have proved to be valuable for the diagnosis of MAS
in systemic juvenile idiopathic arthritis patients (12). Mirroring KD, we believe that our two patients with
high HScore and the transient nature of the disease presented MAS as a complication of MIS-C. HScore
has been explored in severe COVID-19 in adults and has been limited value in guiding immunomodulatory
therapy (13).

Our two patients presented a HScore compatible with MAS, with eatures not usually described in MIS-C
including hypofibrinogenemia, splenomegaly and bone marrow hemophagocytosis .

Lee et al. performed a retrospective study of patients with MIS-C and compared them with historic cohorts of
MAS associated with systemic juvenile idiopathic arthritis or infection and found that soluble IL-12, ferritin,
IL-18 and CXCL9 elevations were higher in MAS compared to MIS-C, concluding that MIS-C immunological
features do not appear to resemble MAS (14).

The optimal treatment for MAS has not been defined. In our first case, a combined treatment with IVIG,
cyclosporin-A, corticosteroids and tocilizumab led to resolution of the disease. Cyclosporin-A has been used
in refractory KD and is an integral part of HLH treatment (9, 10, 15). The second case proved to be
more aggressive and the decision to give etoposide was made. Interestingly, etoposide was recently used
successfully in a 66-year-old patient with CS in COVID-19 resistant to multiple anti-cytokine therapy (16).

MIS-C has been considered part of the KD spectrum, paralleling features of KD such as the presence of
coronary aneurysms, the development of shock, and as in our cases the development of MAS as a life-
threatening complication (17). MIS-C can be complicated with MAS, disease awareness is essential; with
splenomegaly, hypofibrinogenemia, hypertriglyceridemia and bone marrow hemophagocytosis as key features
to suspect this complication. CSS and MAS in MIS-C may represent a spectrum of the disease. HScore
could be of value in order to provide timely and aggressive treatment.
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