Monocyte vacuoles in bone marrow aspiration are a sign of cytokine storm among children
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Abstract

Background: Children exposed to SARS-CoV-2 infection may develop a hyper-inflammatory
response: the so-called Multisystem Inflammatory Syndrome associated with Coronavirus Disease
2019 (MIS-C). Clinical signs of SARS-CoV-2 infection hyperinflammatory manifestation can lead
also to cytopenia.

Case presentation: We described three patients with Multisystem Inflammatory Syndrome
associated with Coronavirus Disease 2019 (MIS-C) who presented with pancytopenia in addiction
to thrombocytopenia that is typically described in MIS-C patients. To rule out malignancies or a
secondary macrophage activation syndrome (MAS), they underwent bone marrow aspiration. In all
three cases, bone marrow aspiration highlighted the prevalence of myeloid lines rich in granules and
vacuoles that could be a sign of cytokines storm involving primarily myelomonocytic cells. Patients
received a final diagnosis of MIS-C.

Discussion and conclusions: We suggest the presence of monocyte vacuoles in bone marrow as a

peculiar finding in MIS-C.

Background

It is now well known that children exposed to SARS-CoV-2 infection may develop a hyper-
inflammatory response: the so-called Multisystem Inflammatory Syndrome in Children (MIS-C)
associated with Coronavirus Disease 2019%. Although MIS-C shares some clinical features with
Kawasaki Disease, it is characterized by the older age of patients, the presence of gastrointestinal
and respiratory symptoms, and peculiar cardiac involvement such as myocarditis and valvular
involvement2. The majority of these patients shows elevation of inflammatory markers, coagulation
abnormalities and in some patients, severe cytopenia is also present.

We describe three cases of MIS-c who underwent bone marrow aspiration for diffuse cytopenia
resulting in the presence of immature myeloid cells enriched in vacuoles; this peculiar finding could

be a sign of cytokines storm involving primarily myelomonocytic cells. However, a diagnosis of
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Macrophage Activation Syndrome (MAS) among rheumatology disorders could also be done if
appropriate criteria are applied.

Case presentation

Case 1.

In April 2020, a three-year-old girl of Caribbean ancestry was admitted to the Institute for Maternal
and Child Health, IRCCS Burlo Garofolo of Trieste, Italy, for a 2-days history of high fever and
abdominal pain with diarrhea. Clinical examination highlighted purpuric skin rash, labial cheilitis,
palmar hands edema, and bulbar non-exudative conjunctivitis. A recent close contact with a relative
with COVID-19 and a recent nasopharyngeal swab tested positive for SARS-CoV-2 was reported.
Laboratory tests showed severe lymphopenia together with anemia, thrombocytopenia, increased C-
reactive protein, liver enzymes, D-dimer levels, and hypofibrinogenemia (table 1). A thorax
computed tomography (CT)-scan revealed multiple lung opacities as a consequence of previous
primary covid pneumonia; echocardiography was normal except for a mild mitral valve
insufficiency. Due to pancytopenia, bone marrow aspiration was done, highlighting a prevalence of
myeloid cells with immature myeloid cells rich in vacuoles and granulations; reduced erythroblasts
megakaryocytes and the lymphoid line was found; no histiocytosis or blasts were present. Cytokine
study showed high levels of IL-1Ra, IL-6, IL-10. MIS-c diagnosis was made and treatment with
intravenous (1) methylprednisolone 2 mg/kg/day and intravenous immunoglobulin (IVIG) 2 g/kg
was started. Non-invasive ventilation and noradrenaline infusion were needed as the patient
developed the day after hypotension and dyspnea. Intravenous continuous infusion with anakinra 12
mg/kg/day was started with quick improvement of clinical conditions and discontinuation of
ventilation and amine infusion. Anakinra was gradually tapered and stopped after eight days. The
patient was discharged in good conditions with normal heart function on follow-up.

Patient 2.

In May 2020, a 10-year-old girl was admitted to the Institute for Maternal and Child Health, IRCCS

Burlo Garofolo of Trieste, Italy, for a 5-days history of high-grade fever, abdominal pain with
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vomiting, and headache. The patient appeared prostrated with cervical lymphadenopathy and
papular skin rash. During the first day of hospitalization, the patient suddenly developed tachypnoea
and hypotension. Laboratory exams showed lymphopenia, mild anemia and thrombocytopenia,
together with the elevation of inflammatory markers, fibrinogen, ferritinemia, LDH, triglycerides,
NT-pro BNP and D-dimer levels (table 1). Immunologic test including immunoglobulin level,
immunophenotype, perforin expression and NK degranulation resulted normal. Cytokine levels
of IL-1Ra, IL-6 and IP10 were markedly elevated. Heart ultrasonography revealed dilation of
inferior vena cava without heart dysfunction or coronary abnormalities. Thorax CT scan showed a
bilateral ground-glass pattern, and abdominal ultrasound was normal. Naso-pharyngeal swabs tested
negative for SARS-CoV-2 as well as for other common viral infections. Antibodies for SARS-CoV-
2 were not feasible at that time. Given to pancytopenia, bone marrow aspiration was done,
highlighting a hypoplastic bone marrow and the prevalence of mature myeloid cells with granules
and immature myeloid cells with vacuoles and high coexpression of CD16 on immunophenotype.
No histiocytic macrophage or blast was found. MIS-c with macrophage activation pattern was
diagnosed and treatment with IVIG and IV methylprednisolone 2 mg/kg and IVIG 2 g/kg was
started with no significant clinical improvement; hence on day 3, subcutaneous anakinra 7
mg/kg/day was started together with antithrombotic prophylaxis with low-molecular-weight heparin
observing fever defervescence in 24 hours and progressive laboratory test normalization.

Case 3.

A 17-year-old boy was admitted to the Department of Allergology, Rheumatology and Clinical
Immunology, in Ljubljana Children's University Hospital, Slovenia, in November 2020 because of
a 3-days history of low-grade fever (37.5°C). One month earlier, he had a COVID-19 infection
confirmed by a nasal swab, passed without complications. Vitals signs were unremarkable as was
physical examination. Laboratory tests showed lymphopenia, neutropenia, thrombocytopenia and
hyperferritinemia (Table 1). Heart ultrasound showed an edematous basal part of the left ventricle

with preserved function of 68% and normal coronary arteries. Abdominal ultrasound highlighted
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enlarged liver and spleen. Chest X-ray was normal. Bone marrow aspiration was done, showing
hemophagocytosis and vacuoles in monocytes (figure 1) without malignant infiltration. Intravenous
immunoglobulins (IVIG) at the dosage of 60 g and methylprednisolone was started in a dose of 1
mg/kg. Considering high levels of D-dimer, he received enoxaparin and acetylsalicylic acid in
prophylactic doses. On follow-up, the disease course was uneventful, and no cardiologic
complication was found on ultrasound and magnetic resonance.

Discussion and conclusions

The burden of COVID-19 consists not only in a direct viral infection but, especially in children, it
may also trigger a hyperinflammatory response called MIS-C.

MIS-c is characterized by the presence of fever (>38°C for more than 24 hours) with signs and
symptoms of at least two-organ involvement (cardiovascular, pulmonary, kidney, gastrointestinal,
musculoskeletal or central nervous system), plus laboratory signs of systemic inflammation with or
without lymphopenia. Moreover, infection other than SARS-CoV-2 must be excluded. Detection of
SARS-CoV-2 infection may not be documented and it is not required for diagnosis®.

National MIS-c case series highlighted that most patients presented with higher inflammatory
markers compared with Kawasaki disease (KD); but they also present lymphopenia, lower platelet
counts and anaemia*®. These aspects, in particular, allowed to differentiated KD to MIS-c patients.
However, patients with MIS-c who had cytopenia may also be confused as having a MAS or
leukemia.

We described three patients with MIS-c who showed pancytopenia leading us to perform bone
marrow aspiration to rule out malignancies, considering that at the time of the first two patients,
MIS-c characteristics were not so well established. In all three cases, bone marrow aspiration
highlighted the prevalence of myeloid line rich in granules and vacuoles that we suggest as a typical
finding in MIS-C as an effect of the cytokine storm. Moreover, the presence of poorly cellulated

bone marrow, and in the third patient the evidence of hemophagocytosis, could laso suggest the



presence of MAS given high levels of LDH and ferritin. Considering the inflammatory nature of
MIS-c, we applied the criteria developed to define MAS in rheumatologic disorders®.
Hyper-inflammatory immune response to SarsCOV-2 appears to be driven by the myelomonocytic
response. In particular, it has been postulated that a delayed induction of interferons (IFNs) induces
macrophages to produce high levels of proinflammatory cytokines like interleukin (IL-1, IL-6,
tumor necrosis factor - TNF) and chemokines (C-C motif chemokine ligand (CCL-2, CCL-3, and
CCL-5) with an autocrine action and excessive activation of monocytes. In particular, a significant
expansion of populations of blood monocytes producing IL-6 was observed in patients with severe
forms of COVID-19 requiring ICUs compared with those who did not require ICU hospitalization.
The same chemokines involved in "COVID-19 related cytokine release storm™ show similarities to
those observed in macrophage activation syndrome’-°.

Moreover, monocytes from peripheral blood of COVID-19 patients show an activated functional
and morphologic phenotype, with an increased number of larger, atypical vacuoles®®. What we
found is the same morphologic changes in bone marrow smears in patients with MIS-C with a
MAS-like phenotype. This finding could be further evidence of how hyperinflammatory state in
MIS-C could be seen as a continuum with MAS through IL-1, IL-6 and TNF production by
monocytes. This view could also consider the presence of thrombocytopenia in MIS-C without
MAS phenotype!l. In all of the three cases, a genetic susceptibility was ruled out through functional
immunological studies.

Since the severity of the disease course, IVIG plus methylprednisolone was needed in one case and
while high dose anakinra was added in the other 2 patients. As successfully proposed in an adult
series by Cavalleri et al. IL-1 antagonists seem to confer a higher survival rate in adults with

COVID-19 and a severe hyperinflammatory profile!213,

In conclusion, the COVID-19 outbreak pointed out the role of the host response to viral infection to

engage a hyper-inflammatory state. Cytokine storm in MIS-c may mimick MAS and the treatment
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for severe cases may involvel VIG plus corticosteroids, as well as anakinra for unresponsive cases.
The central role played by myelomonocytic cells in MIS-c hyper inflammation syndrome should be

considered to guide treatment.
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Legend:
Figure 1: A. Vacuoled monocyte characterized by abundant blue-greyish cytoplasm with numerous
small vacuoles and large bizarre shaped nucleus; B. Emophagocytated monocytes; C, D, E

Erythrophagocytosis.
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