
non-malignant proliferation of activated
macrophages is observed. MAS was firstly re-
ported by Boone in 1976, subsequently de-
scribed by Hadchouel et al in 1985, but the
term “macrophage activation syndrome” was
coined in 1993 by Stéphan et al who demon-
strated the prominent activation of
macrophages in most patients1-3. Few hun-
dreds cases of MAS have been reported and
prevalence of this clinical entity in the pedi-
atric age is actually undefined, though it has
been observed in children of almost any age
with no sex or racial predilection4. MAS can
be enclosed in the group of histiocytic disor-
ders named “hemophagocytic lymphohistio-
cytosis” and can be observed as a primary or
acquired disease5,6. 

Primary and Secondary Macrophage
Activation Syndromes

Primary MAS is the most typical manifes-
tation of rare autosomal-recessively inherited
disorders due to several genetic defects in-
volved in granule-mediated cytotoxicity,
killing of infected cells and termination of im-
munologic responses. It has been shown that
mutations of the perforin gene (PRF-1,
10q21) can explain 20-40% of primary forms
of MAS7-9. Other genetic abnormalities of the
immune system such as Chediak-Higashi syn-
drome (in which leukocytes are unable to se-
crete granules containing lysosomal enzymes
with hypopigmentation, recurrent bacterial
infections and bleeding tendency), Griscelli
syndrome (in which granule exocytosis is de-
fective with partial albinism and increased
susceptibility to infections) and X-linked lym-
phoproliferative syndrome (characterized by
fulminant infectious mononucleosis with risk
of lymphoma) can be associated with MAS.
Secondary or acquired forms of MAS can
break out at any time during the course of a
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Abstract. – Macrophage activation syn-
drome is a rare and potentially fatal complica-
tion of many childhood pathological settings,
most frequently reported in systemic onset-juve-
nile idiopathic arthritis. The disruption of the
macrophage-lymphocyte interaction leads to un-
controlled proliferation of highly activated
macrophages and T lymphocytes. The syn-
drome comprises a heterogeneous group of dis-
orders featuring sepsis-like characteristics typi-
cally combined with impaired function of natural
killer cells and cytotoxic T-cells, haemophagocy-
tosis and hypercytokinemia, often resulting in
fatal multiple organ failure. The clinical picture
shows high grade fever, hepatosplenomegaly,
pancytopenia, lymphoadenopathy, central ner-
vous system involvement and consumptive co-
agulopathy. Macrophage activation syndrome is
associated with high mortality: even though di-
agnostic criteria have been proposed, definite
diagnosis can be a challenge for clinicians, es-
pecially in early phases. There is no standard-
ized therapeutic protocol for macrophage activa-
tion syndrome, but it is widely recognized that
aggressive treatment strategies might strongly
influence prognosis. First line-therapy is usually
represented by parenteral administration of high
dose-corticosteroids, whilst cyclosporine is
added in the steroid-resistant cases. In this pa-
per we provide clinical clues and summarize the
most recent studies about pathophysiology and
management suggestions for macrophage acti-
vation syndrome.
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Introduction

Macrophage activation syndrome (MAS) is
a life-threatening condition characterized by
uncontrolled hyperinflammation on the basis
of inherited or acquired immune-mediated
processes in which excessive activation and
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primitive disease and occasionally it might be
its presenting manifestation. In cases of ac-
quired MAS no underlying immunologic de-
ficiency can be identified. Acquired forms of
MAS are most frequent in children with sys-
temic onset-juvenile idiopathic arthritis: some
authors suggest an association rate of 5-10%
and MAS is believed to contribute signifi-
cantly to mortality rate in this category of ju-
venile idiopathic arthritis10. Frequently MAS
develops during the course of juvenile idio-
pathic arthritis and anecdotal cases have been
reported 14 years after its onset. Acquired
MAS can also be observed in children with
other connective tissue diseases such as sys-
temic lupus erythematosus, dermatomyositis,
systemic sclerosis, Sjögren syndrome, but also
sarcoidosis, inflammatory bowel diseases,
vasculitic syndromes and CINCA syndrome
(also known as chronic infantile neurologic-
cutaneous-articular syndrome, which is char-
acterized by fever, chronic meningitis, sen-
sorineural hearing loss, persistent urticarial
skin rash and deforming arthritis). Moreover
MAS has been described in children with ma-
lignancies such as lymphoblastic leukemia,
germ cell tumours and non-Hodgkin lym-
phoma. Both primary and acquired forms of
MAS can be triggered by viral, bacterial, fun-
gal infections, parasitic infestations or specific
drug administrations11-18 (Table I).

Clinical and Laboratoristic Features 
Clinical presentation of MAS is acute and

dramatic. Symptoms most frequently ob-
served are listed in Table II, among which we
emphasize non-remitting high fever, he-
patosplenomegaly, lymphoadenopathy, hem-
orrhagic syndrome (with purpura, epistaxis,
hematemesis or rectal bleeding), skin rash or
panniculitis, hepatic dysfunction with jaun-

dice, ascites, acute pancreatitis, central ner-
vous system involvement (with lethargy, irri-
tability, disorientation, headache, seizures or
coma), cardiac involvement (with pericarditis
or acute dilatative cardiomyopathy), pul-
monary involvement (with pleural effusion,
atelectasis, pulmonary infiltrates or acute res-
piratory distress syndrome), renal involve-
ment (with oliguria, nephrotic syndrome or
acute renal failure) and paradoxical improve-
ment of the underlying disease (with a sur-
prising parallel reduction of erythrocyte sedi-
mentation rate). Laboratory findings are not
specific and consist of pancytopenia, elevated
serum levels of liver enzymes, bilirubine, lac-
tate dehydrogenase, triglycerides and ferri-
tine, whilst it is usual to observe low serum
levels of sodium, albumine, fibrinogen, serum
factor II, VII and X with abnormal coagula-
tion profile in terms of prolonged prothrom-
bin activity, prolonged partial thromboplas-
tine time and presence of fibrinogen degrada-
tion products. Serum levels of various cy-
tokines such as interleukin-1, interleukin-2
(and its receptor, also known as “sCD25”),
interleukin-6, tumour necrosis factor-α, inter-
feron-α, interferon-γ and macrophage colony
stimulating factor might result extremely
high. Bone marrow biopsy can show numer-
ous well-differentiated macrophages actively
phagocytosing hematopoietic cells19. The
morphological evidence of hemophagocytosis
is still considered the gold-standard in the di-
agnostic evaluation of MAS, but though
pathognomonic, it might not be constantly
detectable at the onset and might be lacking
in 40% cases. Hemophagocytosis can also be
observed in liver, spleen or lymph node biop-
sies, though these sites are seldom explored.
Relapses of MAS are possible but the precise
risk of recurrence is not known. A French
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Table I. Triggers of macrophage activation syndrome.

Trigger Specific agents

Viral infections Cytomegalovirus, Herpes simplex virus, Epstein-Barr virus, Varicella-zoster virus,
Adenovirus, Influenza virus, Dengue virus, Parvovirus B19, Coxsackie-virus

Bacterial infections Enterobacteriacee, Salmonella, Haemophilus, Pneumococcus, Mycobacteria, My-
coplasma, Brucella, Staphylococcus

Fungal infections Candida, Hystoplasma, Criptococcus
Parasitic infestations Leishmania, Pneumocystis carinii
Drugs Sulphasalazine, Aspirin, Morniflumate, Indomethacine, other NSAIDs, Penicil-

lamine, Methotrexate, Gold salts, Etanercept, Phenytoin, Intravenous soluble lipids



study has reported a relapse rate of 16%
(4/24, with one patient having presented 2 re-
lapses). Mortality rate for MAS varies be-
tween 8% and 22% in recent retrospective
studies20. 

Pathogenetic Mechanisms 
Etiology of MAS is still unclear and its spe-

cific pathogenesis remains still to be elucidat-
ed. Most of the available theories derive from
the study of primary hemophagocytic lympho-
histiocytosis which is clinically very similar to
MAS. It has been suggested that hemophago-
cytosis could be caused by an underlying im-
munologic dysregulation: the immune system
would set up an exaggerate inflammatory re-
sponse characterized by uncontrolled activa-
tion of T lymphocytes and macrophages with
huge cytokine overproduction. Serum levels

of Th1-dependent cytokines such as interfer-
on-γ, interleukin-12 and interleukin-18 are
higher during the acute phase of MAS than in
remission or in healthy controls. Indeed inter-
leukin-18 seems to play a central role in he-
mophagocytic syndromes associated with
rheumatologic and autoimmune diseases21.
Elevated serum levels of macrophage colony
stimulating factor, tumour necrosis factor-α
and soluble interleukin-2 receptor are also de-
tectable. The main immunologic abnormality
found in these patients is impaired cytotoxic
function regarding natural killer cells and
CD8+ cytotoxic cells22. Natural killer cytolytic
activity and number are reduced in patients
with reactive hemophagocytosis, with normal
or mildly increased perforin expression. Pa-
tients with familiar hemophagocytic lympho-
histiocytosis usually have a normal number of
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Table II. Clinical and laboratoristic features of macrophage activation syndrome.

*This percentage is referred to the only neutropenia.

PERCENTAGE OF PATIENTS AFFECTED

Shawney Stéphan Emmenegger Ravelli
et al. et al. et al. et al.

Clinical features
Fever 100 100 89 94
Skin rash 44.4 4.2 45 65
Hepatomegaly 88.9 58 44 88
Splenomegaly 88.9 100 61 59
Lymphoadenopathy 66.7 33 64 41
Hemorrhages 11.1 16.6 – 23
Liver dysfunction 88.8 98 89 –
Pulmonary involvement 33.3 50 44 –
Renal involvement 33.3 16 62 –
Cardiac involvement – 42 – –
Neurological dysfunction 22.2 50 – –

Laboratoristic features
Anemia 88.8 – 70 82
Leukopenia – – 28* 56
Thrombocytopenia 88.8 95.8 47 88
Coagulopathy 66.6 83.3 62 –
Reduced erythro-sedimentation rate 33.3 12 - 60
Elevated transaminases 88.8 98 - 94
Elevated bilirubine 33.3 – - 46
Elevated lactate dehydrogenase – – 82 87
Hypoalbuminemia – – – 15
Hypofibrinogenemia 22.2 100 – 89
Hypertriglyceridemia – 100 – 86
Low sodium levels – – – 58.3
Hyperferritinemia – – 97 100

Histopatological marker
Hemophagocytosis in bone marrow 44.4 58.3 80 83.3
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natural killer cells but a decreased or absent
perforin expression in all cytotoxic cells, with
perforin gene mutations demonstrable in
about 30% cases23. The exact mechanism link-
ing cytotoxic cell dysfunction and activated
macrophages proliferation is unclear. Cyto-
toxic cells might fail to kill infected cells espe-
cially in viral infections leading to persistent
antigenic stimulation with subsequent pro-
longed activation of T cells and macrophages;
cytotoxic cells might otherwise fail to give ad-
equate pro-apoptotic signals to activated T
lymphocytes leading to cytokine production
and macrophage activation24-26. In patients
with systemic onset-juvenile idiopathic arthri-
tis, which is the rheumatologic disease most
frequently associated with MAS, perforin ex-
pression and natural killer function have been
studied. Some authors have demonstrated a
reduced perforin expression in CD8+ lympho-
cytes of patients with active systemic onset-ju-
venile idiopathic arthritis compared to other
forms of juvenile idiopathic arthritis or
healthy controls. They also observed restora-
tion of perforin levels in 4 patients after autol-
ogous hematopoietic stem cell transplantation
and suggested that reduced perforin expres-
sion in systemic onset-juvenile idiopathic
arthritis could be due to the underlying dis-
ease, probably caused by specific cytokines as
interleukin-6 and interleukin-1827. A second
study investigated perforin expression and
natural killer function in 7 patients with MAS
as complication of systemic onset-juvenile id-
iopathic arthritis. Natural killer function in
peripheral blood was depressed in all 7 pa-
tients, but two immunological patterns were
found: 4 patients had a decrease in natural
killer number, but increased perforin levels in

natural killer and CD8+ cells; the other 3 had
only a mildly reduced number of natural killer
with very low perforin levels in all cytotoxic
elements28. It has been suggested that natural
killer cell dysfunction or decreased number
could be a distinguishing feature of these pa-
tients with systemic onset-juvenile idiopathic
arthritis: if confirmed this hypothesis might
explain the increased incidence of MAS in
this specific condition29-31.

Diagnostic Clues
Diagnosis of MAS can be difficult, espe-

cially in early phases, because there are no
patognomonic clinical findings. Diagnostic
criteria available were proposed in 1991 by a
scientific team involved in the study of histio-
cyte disorders and modified in 2004 (Table
III)32. They suggest that MAS diagnosis is es-
tablished if 5 of 8 diagnostic clues are ful-
filled: two clinical criteria, fever and
splenomegaly, and three laboratoristic crite-
ria, cytopenia (affecting ≥ 2 of 3 lineages in
the peripheral blood with hemoglobin < 9
g/L, platelets < 100 x 109/dL and/or neu-
trophils < 1 x 109/dL), hypertriglyceridemia
(fasting triglycerides ≥ 2.0 mmol/L or ≥ 3 DS
of the normal value for age), hypofibrinogen-
emia (fibrinogen ≤ 1.5 g/L or ≤ 3 DS) have to
be combined with the evidence of hemo-
phagocytosis in bone marrow, spleen or
lymph nodes and no malignancy. More re-
cently three new diagnostic clues have been
considered: absent or low natural killer cell
activity, hyperferritinemia (≥ 500 µg/L) and
increased sCD25 levels (≥ 2400 U/mL). 

Bone marrow aspirates can show high per-
centage of non-malignant mature histiocytes
phagocytosing erythrocytes, as well as leuko-
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Table III. Diagnostic criteria for macrophage activation syndrome.

Diagnostic criteria

1. Fever
2. Splenomegaly
3. Blood cytopenia affecting at least 2 lineages
4. Hypertriglyceridemia ≥ 2.0 mmol/L or ≥ 3 DS

and/or 
hypofibrinogenemia ≤ 1.5 g/L or ≤ 3DS

5. Hemophagocytosis at the bone marrow aspirate
6. Absent or low natural killer cell activity
7. Hyperferritinemia ≥ 500 mg/L
8. Elevated serum levels of sCD25 (IL-2R) ≥ 2400 U/ml



cytes and platelets: hemophagocytosis in bone
marrow strongly suggests MAS diagnosis
(Figure 1), but false-negative biopsies are fre-
quent especially in the initial phases of the
disease. Failure to demonstrate the
histopathologic confirmation of MAS does
not exclude the diagnosis33. The diagnostic
value of hyperferritinemia seems to be very
promising according to recent studies. Emme-
neger et al. have proposed a possible screen-
ing strategy based on ferritin measurement
and/or morphological evidence of hemo-
phagocytosis. Even if ferritin seems to be very
useful for early diagnosis, its effective role is
still controversial above all in children with
systemic onset-juvenile idiopathic arthritis,
who – even in the absence of MAS – might
present hyperferritinemia34. MAS must be dif-
ferentiated by infections, sepsis, thrombotic
thrombocytopenic purpura, disseminated in-
travascular coagulation or a flare up of an un-
derlying disease. Preliminary diagnostic
guidelines have been presented by Ravelli et
al. to assure diagnosis of MAS as a complica-
tion of systemic onset-juvenile idiopathic
arthritis and are referred to the combination
of laboratoristic criteria (fall in platelet count,
elevated aspartate transaminase levels, fall in
erythrocyte count, hypofibrinogenemia), clini-
cal criteria (central nervous system dysfunc-
tion, hemorrhages, hepatomegaly) and the
histopathologic criterion (consisting with the
evidence of hemophagocytosis in bone mar-
row). This set of criteria still needs further
validation, but confirms that the first diagnos-
tic suspicion of MAS derives more from the

finding of laboratory abnormalities rather
than peculiar symptoms displayed by the indi-
vidual case35.

Therapeutic Management
The immediate aim of therapy in MAS is to

suppress the uncontrolled hyperinflammation
with immunosuppressive/immunomodulatory
agents or cytotoxic drugs. The combined use
of immunosuppression and chemotherapy
must interrupt the inflammatory cascade re-
sulting life-saving. Primary forms of MAS can
be treated following a standardized protocol
called HLH-94 which was developed in 1994
by the Histiocyte Society and modified in
200436,37. Genetic cases can otherwise be cured
with stem cell transplantation. A general ther-
apeutic protocol for MAS is not available: first
line-treatment is usually represented by par-
enteral administration of high dose corticos-
teroids (intravenous infusion of methylpred-
nisolone at the dose of 30 mg/kg/day or 1 g/m2

for 3-5 days). Mild forms are reported to re-
spond to steroids alone in association with
supportive medicaments. Steroid-resistant cas-
es or the most severe forms of MAS require
the addition of cyclosporine A: treatment usu-
ally begins with the intravenous infusion of 3-7
mg/kg/day, shifted to the oral administration
after few days, but the whole duration of ther-
apy cannot be foreseen. Corticosteroids and
cyclosporine are the most used drugs in MAS
due to their clinical efficacy, but other thera-
peutic regimens have been studied such as
high-dose intravenous immunoglobulins, an-
tithymocyte globulins, etanercept, etoposide
and plasmapheresis (Table IV)38-41. Determi-
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Figure 1. Hemophagocytosis at the bone marrow aspi-
rate.

Table IV. Therapeutic tools used in macrophage activation
syndrome.

Drugs Doses

First choice-treatment
Methylprednisolone 30 mg/kg/day 

(for 3-5 days)
Cyclosporine A 3-7 mg/kg/day

Other treatment strategies
High-dose intravenous 400 mg/kg/day 
immunoglobulins (for 5 days)

Antithymocyte globulins 10 mg/kg/day
(for 5 days)

Etanercept 0.4 mg/kg/dose
(twice weekly)
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nations of haemoglobin, white blood cells and
platelets are recommended at least every 2
weeks in the follow-up because cytopenia
might be a possible marker of MAS reactiva-
tion. A relapse of the disease can also be sug-
gested by elevated serum transaminases, fer-
ritin and triglycerides or fever recurrence.

Conclusions

The importance of MAS, rare complica-
tion of childhood rheumatologic disorders, is
related to its severe clinical features and to
high morbidity and mortality rates. Data re-
ported in the medical literature clearly up-
light that early diagnosis and aggressive ther-
apeutic approach are the critical points in
MAS management and the ones capable of
modifying patients’ outcome. In the last few
years the pathogenetic role of cytotoxic cell
dysregulation has been underlined, though
there are still many questions to be an-
swered, particularly about the relationship
between immunologic abnormality and dra-
matic clinical outline. Further improvements
in the practical management of MAS may
derive, in the future, from a better under-
standing of its pathophisiology and from the
introduction of treatment standardized
guidelines. At last specific markers would be
useful to identify patients at high risk of de-
veloping MAS, above all in children with sys-
temic onset-juvenile idiopathic arthritis, in
order to select subgroups of patients that
could benefit from stricter clinical and labo-
ratoristic surveillance.
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