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Abstract

Neonatal sepsis manifests as a dysregulated release of acute phase reactants due to suspected or 
proven infectious etiology leading to a systemic inflammatory state. This immune dysregulation can 
trigger a cytokine storm leading to macrophage activation syndrome (MAS). Macrophage activation 
syndrome has been postulated to manifest as sepsis with multi-organ dysfunction. Prompt suspi-
cion of MAS is important as immunomodulatory therapy can reduce mortality and morbidity. We 
present 2 preterm neonates with early onset neonatal sepsis, where appropriate antibiotic therapy 
and supportive measures were ineffective. Macrophage activation syndrome was suspected in these 
2 cases due to worsening thrombocytopenia and transaminitis. Additional investigations of ferritin, 
triglyceride, fibrinogen, and NT-Pro BNP fulfilled the recent classification criteria for MAS. The addition 
of Intravenous immunoglobulin (IVIG) and methylprednisolone led to improvement in clinical and 
laboratory outcomes in 1 neonate; however, other succumbed to massive pulmonary and intracranial 
bleeding. Early immunomodulatory therapy in neonatal sepsis-induced MAS can reduce mortality 
and morbidity.
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Introduction
Sepsis is a leading cause of neonatal mortality. It manifests as a dysregulated release of acute phase reac-
tants due to suspected or proven infectious etiology leading to a systemic inflammatory state. Clinical 
presentation ranges from systemic inflammatory response syndrome to severe sepsis, septic shock, and 
multiorgan dysfunction syndrome (MODS).1 Appropriate antibiotic therapy, supportive measures, and cer-
tain adjunctive therapies are the mainstay of treatment. Mortality is high in those with MODS, despite 
appropriate source reduction and supportive care. Many authors have postulated this to be due to mac-
rophage activation syndrome (MAS), triggered by infection leading to a cytokine storm.1-3 This sparks the 
discussion of the role of immunomodulatory therapy if MAS is suspected. However, the literature is sparse 
on neonatal and pediatric sepsis-induced MAS. We hereby report 2 cases of early-onset neonatal sepsis-
induced MAS, its management, and review of the literature. Informed consent was obtained from the 
patients’ parents and ethical approval was obtained from the Ankura Hospital Ethics Committee (Approval 
number: ANKURA/EC/BMHR/2025/5-01 Date: 30/01/2025)

Case Presentation
The first case was a preterm male neonate with intrauterine growth restriction (IUGR) (33 weeks; birth 
weight—1400 g) who developed respiratory distress syndrome, fever, shock, dyselectrolytemia, leucope-
nia, thrombocytopenia, and feed intolerance. Blood culture at admission was growing multidrug-resistant 
Klebsiella pneumoniae. The neonate received sensitive antibiotics and other supportive care. However, 
despite this, he continued to have worsening thrombocytopenia, coagulopathy, and bleeding manifesta-
tions. Multiplex polymerase chain reaction (PCR) for other viral and bacterial etiologies was negative. Immune 
dysregulation and hyperinflammation were considered to be acting behind this MODS. The neonate had 
elevated inflammatory markers: C-reactive protein (CRP)—93 mg/L, procalcitonin—27 ng/mL, N-terminal 
pro-brain natriuretic peptide (NT-Pro-BNP)—48 000 pg/mL, aspartate aminotransferase (AST)—82 U/mL, 
interleukin-6 (IL-6)—899 pg/mL, triglyceride—257 mg/dL, ferritin—630 ng/mL, and fibrinogen—187 mg/
dL. He met the MAS 2016 criteria and was initiated on IVIG 2 g/kg followed by methylprednisolone 30 mg/
kg/day for 5 days, and then tapering prednisolone for the next 2 weeks.4 Due to an inadequate response, 
he received 2 weeks of therapy of Anakinra (IL-1 receptor antagonist). Cardiac evaluation revealed normal 

Copyright@Author(s) - Available online at 
www.eurjrheumatol.org.

Content of this journal is licensed under a Creative 
Commons Attribution-NonCommercial 4.0 
International License.

http://orcid.org/0000-0003-4522-7949
http://orcid.org/0000-0002-3011-6966
mailto:drchanchalkumarkem@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


Kumar et al. Early Onset Neonatal Induced MAS� Eur J Rheumatol 2025;12(1):1-3

2

cardiac function and coronary diameter. He 
received 14 days of sensitive antibiotics ther-
apy. He was discharged home after normaliza-
tion of platelet counts and coagulopathy and 
was thriving well at the 6-week follow-up.

The second case was a preterm male neonate 
with IUGR (31 weeks; birth weight—1200 g). 
He developed respiratory distress syndrome 
and received noninvasive respiratory sup-
port and intratracheal surfactant administra-
tion. Soon after the birth, he developed fever, 
generalized edema, hypotension, respiratory 
failure, and hyperglycemia, and was initiated 
on mechanical ventilation and vasopressor 
therapy. He was initiated on first-line antibiot-
ics. Blood culture at admission showed growth 
of multidrug-resistant Escherichia coli. Sensitive 
antibiotics commenced along with the con-
tinuation of supportive measures. However, he 
continued to remain febrile and subsequently 
developed anemia, leucopenia, thrombocy-
topenia, coagulopathy, bleeding manifesta-
tion, and dyselectrolytemia. Multiplex PCR 
did not reveal other viral or bacterial infec-
tions. Due to non-response to sensitive anti-
biotics, a work-up for MAS was considered. 
He had elevated Procalcitonin—54 ng/mL, 
NT-Pro BNP—42 800 pg/mL, IL-6—525 pg/
mL, AST—100 U/mL, Triglyceride—205 mg/dL, 
D-dimer—10 000 ng/mL, Ferritin—992 ng/mL, 
and Fibrinogen—170 mg/dL. He met the crite-
ria for MAS and received IVIG 2 g/kg followed 
by Methylprednisolone 30 mg/kg/day along 
with blood products transfusion.4 However, 
despite this, he developed massive pulmonary 
hemorrhage and severe grade intraventricular 
hemorrhage and succumbed to the illness. 

Discussion
The dysregulation of the host immune sys-
tem in sepsis has been described in literature 

ranging from MAS-like hyperinflammation 
to blunted immune responses, like immune 
paralysis, which determines the outcome.5,6 
The underlying etiopathogenesis of MAS 
involves the release of cytokines like tumor 
necrosis factor alpha and several interleukins 
(IL) such as IL-6, IL-1β, and IL-18 by the acti-
vated macrophages/monocytes. The trigger-
ing factor here is severe sepsis which induces a 
cascade of inflammatory states. This also leads 
to the production of several biomarkers like 
ferritin and triglycerides, typically elevated in 
MAS. Consumptive coagulopathy leads to the 
depletion of fibrinogen levels. Identification 
of this abnormal immunological response 
in pediatric and neonatal sepsis is challeng-
ing for clinicians. This differs from pediatric 
rheumatological illnesses complicating into 
MAS, which have been well described. Many 
authors have postulated MODS in sepsis as 
a possible manifestation of sepsis induced 
MAS.1-3 Nandy et al reported that significantly 
higher numbers of children met MAS criteria 
when they manifested sepsis with MODS as 
compared to the initial stage of septic shock, 
although this needs to be validated in larger 
studies.2 Analysis of individual components of 
MAS criteria showed ferritin having the high-
est sensitivity and serum fibrinogen having 
the maximum likelihood ratio.2 The prognostic 
value of these individual markers has also been 
studied. Ferritin levels greater than 500 ng/
mL and fibrinogen levels less than 150 mg/dL 
have been associated with adverse outcome 
in sepsis.7 However, composite criteria of MAS 
are more reliable for declaring sepsis-induced 
MAS and this is less stringent than earlier cri-
teria.4 Demonstration of hemophagocytosis by 
invasive tests is not relevant as the diagnostic 
criteria are satisfied by the presence of ≥2 crite-
ria with elevated ferritin in a febrile patient with 
an underlying predisposing factor (neonatal 
sepsis here). The physician should start consid-
ering the diagnosis of MAS if there is no appro-
priate response to adequate source reduction 
in 48-72 hours in cases of neonatal sepsis. 
Immunomodulatory therapy is the mainstay 
of treatment countering the hyperinflamma-
tory state of MAS. There has been a transition 
to safer immunomodulator agents, including 
IVIG and methylprednisolone, in the 2016 MAS 
classification criteria rather than using chemo-
therapeutics when Hemophagocytic lympho-
histiocytosis (HLH) 2004 criteria were followed.4 
Recent studies have shown good survival 
outcomes in sepsis with MODS treated with 
IVIG ± methylprednisolone.8-11 These immuno-
modulatory therapies were beneficial in the 
recent pandemic as well, when used for mul-
tisystem inflammatory syndrome in neonates 

and children.12 The important message to be 
withdrawn from these cases is that MAS should 
be suspected upfront in neonatal sepsis when 
the clinical condition is not responding to a 
sufficient duration of appropriate antibiotic 
therapy and supportive measures, especially 
with worsening thrombocytopenia and transa-
minitis. Macrophage activation syndrome can 
be diagnosed by some additional investiga-
tions, and if meeting MAS criteria, early immu-
nomodulatory therapy can reduce mortality 
and morbidity. First-line immunomodulation 
should include IVIG and steroids, and biological 
drugs such as anakinra need to be considered 
upfront in refractory cases.
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Main Points
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