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Abstract

Bone marrow necrosis (BMN) is a rare condition, mostly described 
with hematological malignancies. Association of BMN with sepsis-
induced macrophage activation syndrome (MAS) is rarely reported in 
the literature. Recently, we managed a 10-year-old girl with Staphy-
lococcus aureus sepsis and MAS who had extensive BMN. Patient 
initially improved with antibiotics, source control, supportive care 
and immunomodulatory therapies (intravenous immunoglobulin and 
methylprednisolone). However, she succumbed to transfusion-related 
acute lung injury. Sepsis, MAS and BMN seem to represent increas-
ing levels of immune dysregulation, hypercytokinemia and hyperin-
flammation.

Keywords: Sepsis; Macrophage activation syndrome; Bone marrow 
necrosis; Myelonecrosis

Introduction

Bone marrow necrosis (BMN) is a rare condition, and most 
commonly described with hematological malignancies [1]. 
Isolated infections are rarely reported to cause BMN. We re-
port extensive BMN in an apparently immunocompetent child 
with disseminated methicillin-resistant Staphylococcus aureus 
(MRSA) disease with sepsis-induced macrophage activation 
syndrome (MAS). This case is presented to emphasize the rou-
tine search for MAS in sepsis patients with pancytopenia and 
hyperferritinemia. It may improve the outcome with early im-
munomodulatory therapy. To best of our knowledge, this is the 
first case of BMN in a child with documented sepsis-induced 
MAS.

Case Report

A 10-year-old girl was referred with high-grade intermittent 
fever (39.4 °C) for 10 days, and with respiratory distress and 
septic shock at presentation. On the second day of fever, she 
developed erythematous rash over legs, arms and trunk. Four 
days later, she had an episode of epistaxis, pain and swelling in 
bilateral knee and hip joints. There was no history of diarrhea, 
hematemesis, icterus, melena or burning micturition. She was 
treated with intravenous antibiotics (amikacin and levofloxa-
cin), fluids, and transfusion of platelets and packed red blood 
cells (RBCs) for thrombocytopenia (31 × 109/L) and anemia 
(hemoglobin 74 g/L) at the referring hospital. Parents denied 
any previous hospitalizations or similar episode in the child 
and the family. She was optimally immunized as per India’s 
National Immunization Schedule. She was born to non-con-
sanguineous parents of lower middle class. Examination re-
vealed pallor, bilateral cervical and axillary lymphadenopathy, 
bilateral pitting pedal edema, blanchable erythematous rash all 
over the body, bilateral pulmonary crepitations, hepatomegaly 
(6 cm below the right costal margin) and an abscess (5 × 5 
cm) over the right chest wall. She had respiratory failure with 
shock at the time of presentation. However, her sensorium was 
normal with no focal neurological deficit.

She needed inotropic support and ventilation for septic 
shock (bounding pulses, tachycardia, blood pressure at the 
fifth centile, capillary refill < 2 s) and hypoxic respiratory 
failure. Chest radiograph showed bronchopneumonia and 
bilateral pleural effusion. In view of chest abscess and local 
epidemiology, a possibility of staphylococcal infection with 
toxic shock syndrome was considered. Laboratory findings are 
summarised in Table 1. Investigations revealed pancytopenia, 
deranged coagulogram and nonoliguric acute kidney injury. 
Serum ferritin, triglycerides, fibrinogen and D-dimer were el-
evated. Joint imaging did not reveal any effusion. MRSA grew 
in blood and pus from chest wall abscess. Bone marrow aspira-
tion revealed hemophagocytosis and extensive BMN with very 
few viable hematopoietic elements (Fig. 1a-c). No abnormal 
cells or infectious organisms were seen. Ziehl-Neelsen stain 
for acid fast bacilli and stains for fungi were negative (Fig. 
1d, e). Serum sample taken before starting immunomodula-
tory therapy revealed elevated soluble cluster of differentiation 
CD25 (12,711 ng/L; normal, 458 - 1,997 ng/L) and CD163 
(2,794.8 µg/L; normal, 88 - 902 µg/L) (Quantikine® Enzyme-
linked Immunosorbent Assay kit from R&D Systems®, Min-
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neapolis, USA). These were done as part of an ongoing re-
search project.

Intravenous ceftriaxone (50 mg/kg/dose q12h), vancomy-
cin (20 mg/kg/dose q8h) and clindamycin (10 mg/kg/dose q8h) 
were initiated at admission. Ceftriaxone was stopped after re-
ceiving the culture report, while clindamycin was continued 
for 5 days. Vancomycin was continued till demise. Chest wall 
abscess was drained. Intravenous immunoglobulin (IVIG) (2 
g/kg) was given on day 4 for hyperferritinemic sepsis and sus-
pected MAS. On day 6, intravenous pulse methylprednisolone 
(30 mg/kg/day for 3 days) was given for deteriorating platelet 
count. Subsequently, leukocyte and platelet count started im-
proving (Fig. 1g). She could be weaned off inotropes (maxi-
mum vasoactive inotrope score, 30), and was requiring mini-

mal ventilator support. She received multiple blood cell and 
platelet transfusions during this period. Her general condition 
started improving. Her stay was punctuated by central line-
associated blood stream infection with Escherichia coli (E. 
coli) (day 6) and primary blood stream infection with Candida 
tropicalis (C. tropicalis) (day 8), (Table 1), which were man-
aged with imipenem (25 mg/kg q6h) and liposomal ampho-
tericin B (5 mg/kg/day).

On day 9, platelet and packed RBCs were transfused for 
anemia and thrombocytopenia with clinical bleeding. After 
4 - 5 h, she developed bilateral crepitations and desaturation. 
Her ventilator requirement increased significantly, and later 
she required high frequency oscillation (oxygenation index, 
50; chest radiograph, extensive bilateral infiltrates (Fig. 1f)). 

Table 1.  Laboratory Parameters During the Hospital Course

Investigations At admission Day 3 Day 7 Day 10
Complete blood counts
  Hemoglobin (g/L) 74 108 95 61
  Total leukocyte count (× 109/L) 1,700 2,110 2,490 28,840
  Neutrophils (%) - 7.6 2.9 84.7
  Lymphocytes (%) - 87.2 93.4 11.4
  Monocytes (%) - 5.2 - 3.7
  Eosinophils (%) - - 0.8 -
  Basophils (%) - - - -
  Platelets (× 109/L) 38,000 4,000 28,000 53,000
Renal function test
  Urea (mg/dL) 65 108 96 107
  Creatinine (mg/dL) 0.7 0.73 0.5 0.54
Coagulogram
  PT (seconds) 21 17 14.8
  PTI (%) 62 66 76
  INR 2.53 1.53 1.33
  aPTT (s) 37
  D-dimer (ng/mL) 5090 4741
MAS parameters
  Ferritin (ng/mL) 2,623 3,245
  Fibrinogen (g/L) 5.72 3.41
  Triglycerides (mg/dL) 266 156
Inflammatory parameters
  CRP (mg/L) 195.7 194 173
  Procalcitonin (ng/mL) 49.48 32.49
Microbiological investigations
  Blood culture Day 1: methicillin-resistant Staphylococcus aureus

Day 6: Escherichia coli
Day 8: Candida tropicalis

  Pus culture Day 2: methicillin-resistant Staphylococcus aureus

PT: prothrombin time; INR: international normalized ratio; aPTT: activated partial thromboplastin time; CRP: C-reactive protein.
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Figure 1. (a) Bone marrow aspirate smears were particulate and appeared normocellular (May-Grunwald Giemsa, × 40). (b) The 
background showed mostly necrotic cells with ill-defined cellular boundaries admixed with fat and very few viable cells (May-
Grunwald Giemsa, × 200). (c) High power examination revealed several histiocytes with ingested erythrocytes, lymphocytes and 
cell debris (May-Grunwald Giemsa, × 400). Ziehl-Neelsen (ZN) stain for acid-fast bacilli (d) and periodic acid-Schiff stain for fungi 
(e) were negative, but highlighted the phagocytic histiocytes (× 400, ZN stain counterstained with methylene blue, PAS stain 
counterstained with hematoxylin). (f) Chest radiograph showed bilateral pulmonary edema secondary to transfusion-related lung 
injury. (g) Graphs showing trends of the blood counts during hospital stay.
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Shock resurfaced and remained refractory despite vasoactive-
inotropic support. Three days later, she succumbed to multio-
rgan failure. Autopsy could not be done for lack of parental 
consent.

Discussion

We described a child with MRSA sepsis with toxic shock 
syndrome who continued to deteriorate and develop multiple 
organ dysfunction syndrome (MODS) despite receiving ap-
propriate antibiotics, source control and supportive care. MAS 
was suspected in view of persistent pancytopenia, hyperfer-
ritinemia and hypertriglyceridemia. With immunomodulatory 
therapies (intravenous immunoglobulin and methylpredniso-
lone), she initially showed appreciable clinical improvement. 
However, she succumbed to transfusion-related acute lung 
injury (TRALI) shortly after. To best of our knowledge, this 
is the first case of BMN in a child with culture-positive sepsis-
induced MAS.

Sepsis is a state of infection-induced dysregulated innate 
and adaptive immunity leading to hypercytokinemia, inflam-
mation and persistent multi-organ failure [2, 3]. Interferon-

gamma activates macrophages resulting in MAS [3]. BMN 
is defined as necrosis of myeloid tissue and stroma in > 50% 
of parenchyma without cortical bone involvement. BMN 
is considered to be caused by cellular hypoxia, endothelial 
and vascular injury, endotoxins, cytokines, and oxygen free 
radicals [1]. Both MAS and BMN are associated with poor 
prognosis [1, 3]. With uncontrolled hyperinflammation asso-
ciated with sepsis, it appears logical for MAS to progress on 
to BMN. We could find only one report of such association in 
a 32-year-old male patient with Bacteroides fragilis abscess 
and MAS [4].

Sepsis-induced BMN is extremely rare; a handful of cas-
es have been reported. Gram-negative (E. coli, Salmonella, 
Pseudomonas aeruginosa, Citrobacter freundii, Bacteroides 
fragilis) and Gram-positive (Streptococcus, Staphylococcus) 
bacteria, Coxiella burnetii, tuberculosis, mucormycosis and 
parvovirus have been reported to cause BMN in otherwise nor-
mal patients [1, 4]. However, literature search revealed only 
one adult patient in whom defining features of MAS could be 
demonstrated including hemophagocytosis in the bone marrow 
[4].

We could find only four pediatric cases [5-7] of BMN as-
sociated with sepsis; all four were reported in the later part of 

Table 2.  Clinical Details of Children With Infection-Induced Bone Marrow Necrosis Reported in Literature

Kinney et al [5] Terheggen et al [6] Garewal et al [7] Garewal et al [7] Index case
Year of reporting 1977 1979 1991 1991 2020
Age (years) 15 8 2.5 3.5 10
Sex Female Male Male Male Female
Clinical 
presentation

Migratory arthralgia, 
epistaxis, weight 
loss, polyarthritis, 
fever, hepatomegaly

Fever, furuncle, 
joint and limb 
pain, HSM

Pallor, 
mucocutaneous 
gangrene, popliteal 
ulcer, HSM

Fever, epistaxis, 
oral ulcer, pallor, 
pneumonia, HSM

Fever, erythematous rash, 
epistaxis, pneumonia, 
chest wall abscess, 
hepatomegaly, shock

Hemoglobin (g/dL) 5.6 12 4.3 5.2 7.4
Total leukocyte 
count (× 109/L)

7.05 2.5 2.0 1.6 1.7

Absolute neutrophil 
count (× 109/L)

3.9 - 0.8 0.2 0.6

Platelet count 
(× 109/L)

86 78 10 10 31

Blood culture Staphylococcus aureus Group A 
Streptococcus

Pseudomonas 
aeruginosa

Salmonella 
typhimurium

MRSA

Features suggestive 
of macrophage 
activation syndrome

Fever, hepatomegaly, 
anemia, 
thrombocytopenia

Fever, HSM, 
thrombocytopenia, 
leukopenia

HSM, pancytopenia Fever, HSM, 
pancytopenia

Fever, hepatomegaly, 
pancytopenia, 
hyperferritinemia, 
hypertriglyceridemia

Treatment Antibiotics and 
prednisolone

Antibiotics Antibiotics Antibiotics Antibiotics, IVIG, 
methylprednisolone pulse

Outcome Improved, developed 
breast lymphosarcoma 
after 11 months and 
ultimately died of it.

Discharged on 
day 13, no long-
term follow-up

Discharged on 
day 12, no long-
term follow-up.

Developed septic 
arthritis and 
skin abscesses, 
and died.

Initially shown 
improvement, died on 
day 12 due to TRALI.

HSM: hepatosplenomegaly; MRSA: methicillin-resistant Staphylococcus aureus; IVIG: intravenous immunoglobulin; TRALI: transfusion-related 
acute lung injury.
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the last century. Table 2 [5-7] provides comparison of these 
previously reported cases with the index case. All these four 
patients had hepatosplenomegaly and pancytopenia. It is pos-
sible that they all might have sepsis-induced MAS which re-
mained undiagnosed for the lack of awareness about MAS at 
that time. Three of them improved with antibiotics and sup-
portive care, while the fourth one died. The patient reported 
by Kinney et al [5] who received steroid during acute phase, 
died of breast lymphosarcoma on follow-up. The index patient 
satisfied the diagnostic criteria of MAS as she had persistent 
fever, pancytopenia, hepatomegaly, hyperferritinemia, hyper-
triglyceridemia, bone marrow hemophagocytosis, significantly 
elevated soluble CD25 and CD163 levels [3]. Sepsis-induced 
MAS with exaggerated hemophagocytosis is the likely expla-
nation for the observed extensive BMN in the index case as 
well as in the previously reported cases. An autopsy case series 
reported extensive BMN in two girls (aged 9 and 18 years re-
spectively) due to paracoccidioidomycosis [8]; however there 
is no information if they had hemophagocytosis. Leukoeryth-
roblastic picture on peripheral blood smear, hyperuricemia, el-
evated transaminases, lactate dehydrogenase (LDH) and alka-
line phosphatase are also reported [2]; however none of these 
were present in the index case.
BMN is usually rapidly fatal. In some, prolonged injury and 
suboptimal tissue recovery may result in bone marrow fibrosis 
[1]. Among survivors, necrotic cells get cleared by phagocy-
tosis followed by replenishment of normal bone marrow tis-
sue. Thus, management for sepsis-induced hyperinflammatory 
states should include early antibiotic treatment, source control, 
optimal support for multiorgan dysfunction, high index of sus-
picion for MAS and prompt immunomodulatory therapy to 
help recover from MAS. Presence of hyperferritinemia may 
help identify high-risk patients with likelihood of having MAS. 
Recommended immunotherapies include IVIG, methylpredni-
solone, plasmapheresis and interleukin-1 (IL-1) receptor an-
tagonist [3]. The index case revealed initial improvement with 
antibiotics, source control, IVIG and pulse methylprednisolone 
as shown by recovery in cardiovascular, respiratory, renal and 
hematological parameters. However, healthcare-associated in-
fections with E. coli and C. tropicalis might have caused a sec-
ond hit with continued hyperinflammation. Though identifying 
BMN in a patient with sepsis-induced MAS will not alter the 
case management, it will affect the prognosis. The pre-termi-
nal development of severe acute respiratory distress syndrome 
shortly after transfusion of platelets and packed RBCs was 
probably due to TRALI. Hyperinflammatory state, as in the in-
dex case, is a well-known predisposing factor [9]. Pulmonary 
embolization of fat and necrotic bone marrow tissues may also 
be possible [1]; however improvement in clinical condition 
and hematological parameters precludes it. An autopsy could 
have clarified the pre-terminal events better.

Conclusions

Sepsis, MAS and BMN probably represent different points 
on the spectrum of increasing levels of immune dysregulation 
and hyperinflammation. MAS may specifically be looked for 

in the select group of septic shock patients with pancytopenia, 
MODS and hyperferritinemia. It may help institute early im-
munomodulatory therapy and better clinical outcome. Blood 
products should be judiciously used in patients with hypercy-
tokinemia/ hyperinflammation to help avoid TRALI.
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