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Abstract. Macrophage activation syndrome (MAS) repre‑
sents an acute and severe inflammatory syndrome, idiopathic 
(primary) or secondary to infections, rheumatic diseases, 
malignancies, or drugs. MAS is underdiagnosed, being 
confused with sepsis, adverse effects of anti‑arthritic drugs or 
exacerbated symptoms of evolving rheumatologic or infectious 
diseases. Because of the late diagnosis, most patients do not 
benefit from effective therapy, leading to death. Elucidation of 
valid early diagnostic criteria of MAS would be a particularly 
important step in reducing the mortality due to this pathology. 
Thus, the purpose of this review based on 40 studies centered 
on the diagnostic criteria of MAS. We detailed the main 
diagnostic criteria and the few diagnostic scores or sets of 
criteria that have been recently published. The criteria most 
frequently encountered in the literature include: Fever, hepato‑
splenomegaly, hyperferritinemia, hepatopathy, coagulopathy, 
thrombocytopenia, hypertriglyceridemia, decrease in erythro‑
cyte sedimentation rate and bone marrow hemophagocytosis. 
The most elaborate diagnostic score will result following 
an ongoing international project and consensus, the Delphi 
International Survey.
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1. Introduction

Macrophage activation syndrome (MAS) is a severe inflamma‑
tory systemic abnormality with lethal potential characterized 
by pancytopenia, coagulopathy, hepatopathy, neurological 
disorders and hemophagocytosis. The inflammation is caused 
by the uncontrolled activation of macrophages and T cells (1‑3). 
The symptomology of this syndrome is serious and potentially 
lethal. Mortality has been reported in 20‑53% of cases (4‑6). 
The incidence is estimated to be about 1.2/1 million individ‑
uals in Sweden and one in 100,000 in Texas, USA. Moreover, 
the prevalence of fulminant MAS in patients with systemic 
juvenile idiopathic arthritis (sAJIs) is 10% (1,2,7).

Monocyte‑macrophage series physiology. Macrophages are 
immune mediators, particularly important and very sensitive to 
humoral stimuli. Macrophages are large cells (60‑80 microns) 
and have high enzyme content. Their major role is to maintain 
inflammation [by secretion of interleukin (IL)‑1, IL‑8, IL‑12, 
tumor necrosis factor (TNF)‑α, plasmin, transferrin], antibac‑
terial and antitumor action with the production of oxidative 
lesions. Macrophages can phagocyte foreign particles or 
apoptotic cells (1‑3).

Mosser and Edwards (3) proposed a classification of the 
macrophage population based on three main homeostatic activi‑
ties: Immune defense, inflammation, and immune regulation. 
Macrophages are extremely heterogeneous and under the action 
of humoral factors, they can express markers from another 
category at the membrane level while taking on other functions.

Interstitially fixed macrophages are called histiocytes (liver 
Kupffer cells, pulmonary and alveolar macrophages, microglia 
cells in the central nervous system, spleen, serous, connective 
tissue and hematogenous marrow). Histiocytes represent the 
first line of defense at the time of inflammation (1‑3).

Mobile macrophages in the bloodstream are called mono‑
cytes. They can migrate into tissues, where their transformation 
into histiocytes plays a role in phagocytosis. Monocyte recruit‑
ment into tissues is mediated by lymphokines: Interferon 
(INF)‑γ and TNF‑α. Natural killer (NK) cells secrete INF‑γ 
but do not produce a constant amount capable of sustaining 
an activated macrophage population. In contrast, T helper 1 
(LiTH1) lymphocytes are capable of continuous INF‑γ secre‑
tion and maintenance of macrophage activation. Macrophage 
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interaction with LiTH1 is essential because it lays the basis 
for cell‑mediated immunity. The proinflammatory cytokines 
secreted by post‑activation macrophages play an important role 
in defending the host but can also lead to serious injuries if the 
inflammatory process is not adequately controlled (8,9).

MAS pathophysiology. Primary MAS is triggered by the exces‑
sive proliferation of LiTH1 which is caused by the decrease/lack 
of NK cell cytotoxicity, a decrease due to a mutation in the gene 
that encodes perforin (a protein that plays a role in the cytotox‑
icity of NK cells and CD8+ cytotoxic T lymphocytes). Perforin 
is involved in the apoptosis of tumor or viral infected cells 
and controls cell proliferation. Due to the decrease in perforin 
levels and the lack of NK cell activity, lymphocytes are persis‑
tently activated and secrete two major macrophage activators: 
INF‑γ and granulocyte‑macrophage colony‑stimulating factor 
(GM‑CSF). Stimulated by these two mediators, macrophages 
activate and proliferate uncontrollably (8‑17).

MAS‑causing/triggering factors. MAS appears most often 
as a complication of inflammatory systemic diseases, colla‑
genosis (especially juvenile inflammatory arthritis, but also 
systemic lupus erythematosus, Kawasaki disease, sarcoidosis, 
dermatomyositis, Still's disease, Sjogren's disease)  (18‑29), 
infection (fungal, parasitic, viral, bacterial, zoonotic (30‑34) or 
secondary of cancers (35‑37).

There have been reports of cases of MAS following 
treatment with various drugs such as non‑steroidal 
anti‑inflammatory drugs (NSAIDs), gold salts, sulfasalazine 
or methotrexate, adalimumab (recombinant human TNF‑α 
monoclonal antibody), tocilizumab (human IL‑6), and etopo‑
side (38‑42). The infectious and drug‑inducing factors of MAS 
are presented in Table I (34).

MAS terminology and framing. The term ‘macrophage activa‑
tion syndrome’ was first used by Stephan et al in 1993 (18). 
MAS was characterized by Hadchouel et al in 1985 in the 
form of a hemorrhagic syndrome associated with neurological 
and hepatic changes, a syndrome observed in 7 patients with 
idiopathic juvenile arthritis (43). MAS can occur at any age 
and does not have gender or race specificity.

There is an inconsistency in the literature regarding MAS 
framing, mostly because MAS is a borderline syndrome 
between hematology, immunology, rheumatology, and infec‑
tious diseases, so that specialists from all of these domains 
have published data concerning MAS (44‑49).

Some authors consider it to be a self‑standing syndrome, 
trying to define the correct diagnosis and treatment algorithm; 
others advocate for its inclusion in the category of histiocy‑
tosis. Histiocytosis diseases are characterized by proliferation 
and accumulation of macrophages and dendritic cells, which 
may be primary and secondary, benign and malignant 
(Table II; classification of histocytic disorders) (7,32,43,50,51). 
In this classification, MAS is equivalent to hemophagocytic 
syndromes that may be primary or secondary. We consider 
this definition of MAS as the most complex and correct, being 
supported by several groups of authors (32,44,45).

Other authors consider MAS to be an acquired entity of 
hemophagocytic limphohistiocytosis (LHL), secondary only to 
inflammatory and autoimmune diseases (Table III) (44,52‑54).

The development of a universal MAS diagnosis and treat‑
ment method will be difficult as there is no unanimously accepted 
terminology. This also occurs because of the heterogeneity of 
this syndrome (primary, secondary to infection, inflamma‑
tion or neoplasia) (34,36,55). Multiple authors consider MAS 
to be quite similar to hemophagocytic lymphohistiocytosis 
(HLH), both clinically and according to laboratory investiga‑
tions (5,8,44,48,56). Other authors use HLH only for familial 
HLH (primary), with secondary HLH called MAS (39), or do 
not use the term MAS, considering it as synonymous with all 
HLHs (19,20,35,43). Thus, again, development of a universal 
MAS diagnosis and treatment method will be difficult as long 
as there is no unanimously accepted terminology.

Clinical and laboratory manifestations of MAS. The ilness 
generally starts acutely, clinically/biologically with a sepsis‑like 
syndrome. Patients have high fever, secondary pancytopenia, 
symptoms due to hepatosplenomegaly and hepatic impairment, 
lymphadenopathy and hyperferritinemia. Coagulation is often 
abnormal consisting in the prolongation of prothrombin time 
(PT) and of activated partially thromboplastin time (aPTT) 
and decreased fibrinogen. Purpura or hemorrhages can also be 
present. Neurological symptoms consist of headache, tempo‑
rospatial disorientation, irritability, convulsions or coma. The 
anatomopathological analysis of the bone marrow is important 
for diagnosis. This analysis shows numerous macrophages 
with phagocytic hematopoietic cells, which explains pancito‑
penia. All manifestations lead to multiple organ failure and 
ultimately to patient death (1,2,7,19,33,44,57).

2. Justification and objectives of the literature review

The goal of MAS treatment is to suppress hyperinflammation 
and remove the cause of the disease (removal of stimuli 
that maintain ineffective activation of macrophages and 
T lymphocytes). Although multiple treatment methods of MAS 
have been proposed according to its etiology (immunosup‑
pressants, monoclonal antibodies, etiological treatment), late 
diagnosis prevents effective therapy, leading to death (7,50). 
Many authors believe that MAS is underdiagnosed, being 
confused with sepsis, adverse effects of anti‑arthritic drugs 
or exacerbated symptoms of evolving rheumatologic diseases. 
Not being diagnosed on time and treated appropriately, the 
condition of the patients deteriorates (58).

Elaboration of early valid diagnostic criteria of MAS would 
be a vital step in reducing mortality due to this pathology. 
Moreover, it would be useful to define a short list of triage 
screening to identify patients predisposed to develop MAS. 
Due to all of this and to the fact that genetic tests of NK cell 
cytotoxicity are not available on a routine basis, it is vital that 
the diagnostic or the screening paraclinical examinations are 
simple and accessible for any hospital (58).

The objective of this study was to carry out a systematic 
review of the current literature on the correct diagnosis of MAS.

3. Review methods

Defining criteria for inclusion and exclusion of studies. The 
inclusion criteria for the studies in this systematic analysis were 
Romanian or English language studies, macrophage activation 
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studies, studies focused on MAS diagnosis, recent studies 
published after 2001, ISI‑rated publications and indexed in 
BDI databases.

Exclusion criteria included studies that could not be 
accessed in extenso, MAS studies, but non‑focused on diag‑
nostic criteria, studies that did not recognize MAS as a clinical 
entity, and fundamental research studies on animals.

Searches in the MEDLINE database were conducted using 
the following methodology:

Advanced search: [(‘macrophage activation syndrome’ 
[MeSH Terms] OR (‘macrophage’ [All Fields] AND 
‘activation’ [All Fields] AND ‘syndrome’ [All Fields]) 
OR ‘macrophage activation syndrome’ [All Fields]) AND 
(‘diagnosis’ [Subheading] OR ‘diagnosis’ [All Fields] OR 
‘diagnosis’ [MeSH Terms])) AND (‘loattrfree full text’[sb] 
AND (‘2001/01/01’[PDAT]: ‘2014/09/20’[PDAT])] with the 
filter enabled for fully accessible studies published since 
2001/01/01 to date. A total of 114 studies resulted from this 
search.

We also researched for further reference among the biblio‑
graphic sources of the studied articles. Thus, 28 studies were 
considered relevant in the field; they met the inclusion criteria 
and were considered.

The search in the AIDSline database, following the 
methodology described above, returned 18 results.

The search in the Cancerlit database was performed using 
the following parameters: ‘Macrophage activation syndrome 

Table I. Triggers of macrophage activation syndrome (34).

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	 Enterobacteriaceae, Salmonella, Haemophilus, Pneumococcus, Mycobacteria, Mycoplasma,
	 Brucella, Staphylococcus
Fungal infections	 Candida, Histoplasma, Cryptococcus
Parasitic infestations	 Leishmania, Pneumocystis carinii
Drugs	 Sulphasalazine, aspirin, morniflumate, indomethacin, NSAIDs, penicillamine, methotrexate,
	 gold salts, etanercept, phenytoin, intravenous soluble lipids

NSAIDs, nonsteroidal anti‑inflammatory drugs.

Table II. Classification of histiocytic disorders (7,36).

Disorders of varied biological behavior
  I. Dendritic cell‑related disorders
    Langerhans cell histiocytosis
    Secondary dendritic cell processes
    Juvenile xanthogranuloma and related disorders
    Solitary histiocytomas of various dendritic cell phenotypes
  II. Macrophage‑related disorders
    Hemophagocytic syndromes
    Primary hemophagocytic lymph histiocytosis
   Secondary hemophagocytic syndromes 
    Infection‑related
    Malignancy‑related
    Other
    Roasi‑Dorfman disease (sinus histiocytosis with massive
    lymphadenopathy)
    Solitary histiocytoma with macrophage phenotype
    Others including multicentric reticulohistiocytosis and
    generalized eruptive histiocytoma
  III. Malignant disorders
    Monocyte‑related malignant disorders
    Leukemia
    Extramedullary monocyte tumor or sarcoma (monocyte
    counterpart of granulocytic sarcoma)
    Dendritic cell‑related histiocytic sarcoma (localized or
    disseminated)
    Specific phenotype follicular dendritic cell, interdigitating
    dendritic cell
    Macrophage‑related histiocytic sarcoma (localized or
    generalized)

Table III. Classification and underlying conditions of HLH (44).

Genetic HLH 
  Familial HLH (Farquhar diseasea)
  Known gene defects (perforin, munc 13‑4, syntaxin 11)
  Unknown gene defects
  Immune deficiency syndromes
  Chédiak‑Higashi syndrome (CHS)
  Griscelli syndrome (GS) X‑linked lymphoproliferative
  syndrome (XLP)
Acquired HLH 
  Exogenous agents (infectious organisms, toxins)
  Infection‑associated hemophagocytic syndrome (IAHS)
  Endogenous products (tissue damage, metabolic products)
  Rheumatic diseases
  Macrophage activation syndrome (MAS)
  Malignant diseases

aFamilial HLH was first described by Farquhar and Claireaux in 1952.
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diagnosis’ or ‘macrophage activation syndrome treatment’. It 
did not return any results.

Embase database searching returned 4 results, but the full 
text was not available for free.

The search in the Cochrane database was performed with 
the term ‘macrophage activation syndrome’ and we used as 
sub‑headings the terms ‘diagnosis’ or ‘therapy’. It did not 
return any results.

Selection of studies. The total number of studies identified was 
164. Following the reading and analysis of the data from these 
studies, 124 studies were excluded, based on the inclusion 
or exclusion criteria previously listed, so that the systematic 
analysis included 40 studies.

The first MAS studies were published in the 20th century. 
Hadchouel et al (43) were among the first who discovered this 
syndrome without naming it. They characterized it as a complex 
pathology consisting of three syndromes: Hemorrhagic, 
neurologic and hepatocitolysis. Stephan et al (18) assigned it 
the name ‘macrophage activation syndrome’ and published 
4 cases. These studies were not included in the analysis and 
were published before 2001.

Gathering data from studies. For the data from the analyzed 
studies to be extracted uniformly and impartially, we created 
an electronic data collection form containing the following 
parameters: Eligibility criteria, design of the study, the popula‑
tion included in the study (diagnosis, number of subjects), the 
purpose of the published article. In this electronic form, we 
attached tables, figures and images that could also be included 
in the final text. For each study included in the systematic 
analysis, we completed such a form.

4. Data analysis and results

We analyzed the 40 studies selected according to the previ‑
ously described criteria. The main sets of diagnostic criteria of 
MAS found in the articles included in the review are discussed, 
but before that, the clinical symptoms and laboratory analyses 
that led to the compilation of these diagnostic algorithms will 
be analyzed.

The MAS clinical and paraclinical criteria used in the 
40 studies included in this systematic review are produced 
by the pro‑inflammatory and anti‑inflammatory cytokines 
secreted in MAS. The main diagnostic criteria found in the 
studied articles are as follows.

Hyperferritinemia. Hyperferritinemia in MAS can be 
explained by the expression of CD163 membrane protein of 
hemophagocytic macrophages. The role of CD163 is to bind 
the hemoglobin‑haptoglobin complex and to protect cells 
from oxidative stress‑induced by free hemoglobin resulting 
from the digestion of macrophage phagocytic erythrocytes. 
After hemoglobin phagocytosis, hemoglobin is decomposed 
inside the macrophage to bilirubin, carbon monoxide and 
free iron. Free iron is scized into the siderotic granules inside 
its macrophage or transported to the hematogenous marrow 
where it is distributed to the red cell precursors. The more 
the macrophages enclose more iron, the higher the amount 
of intracellular siderotic granules. The serum ferritin is 

increased directly in proportion to the amount of iron in 
the macrophages. The minimum level of ferritin required to 
diagnose lymphohistiocytosis or MAS is 500 µg/l. The level 
of ferritin in MAS may be over 5,000 µg/l. Thus, a much 
higher ferritin (over 10,000 ng/dl) is an important diagnostic 
criterion in MAS. Ravelli (36) wanted to propose hyperferri‑
tinemia as the sole diagnostic criteria of MAS, but there were 
cases of idiopathic juvenile arthritis with high ferritin values. 
On the other hand, some authors observed that ferritinemia 
over 10,000  ng/dl also occurs in other diseases such as 
AIDS, neoplasms, fulminant hepatic diseases and idiopathic 
hemosiderosis (5,7,34,36,59,60).

Emmenegger et al even proposed the introduction of high 
ferritin values as a screening method for MAS along with 
histopathological evidence of hemophagocytosis (61).

Fever. Fever is a feature of the inflammatory syndrome, and 
is produced by cytokines and TNF secreted by both NK cells 
and lymphocytes which activate macrophages. Although it can 
be highlighted in all MAS patients, it cannot be considered a 
symptom specific to this condition. However, in combination 
with other more or less specific criteria, fever can become a 
valid diagnostic criteria for MAS (1,2,7,19,31,33,41,42,45).

Hepatopathy. Hepatic damage through increased trans‑
aminases may be present in many pathologies. Like fever, 
this criterion cannot be considered specific as long as it 
is solitary and is not in association with other relevant 
criteria (1,2,7,19,31,43,62).

Hypertriglyceridemia. In addition, similar to hepatocytolysis, 
an increased level of triglyceride is not specific to MAS, but 
can be a useful criterion as part of a set of diagnostic criteria. 
Hypertriglyceridemia can be considered as a positive diag‑
nostic criterion for MAS after a differential diagnosis with 
other clinical situations where it could be judged in the context 
of other laboratory tests (46,54).

Hemophagocytosis. Histopathological evidence of hemo‑
phagocytosis cannot be a single diagnostic criterion for MAS, 
but can be helpful in confirming the syndrome when the 
diagnosis is difficult to establish. Hemophagocytosis, pathog‑
nomonic for MAS, may not be present at the beginning of 
symptomatology. It can also be highlighted in other sites such 
as the liver, spleen, and lymph nodes (5,7,31,33,41).

Decrease in erythrocyte sedimentation rate. Decrease in the 
erythrocyte sedimentation rate is also characteristic of MAS. 
This may actually reflect hypofibrinogenemia secondary to 
fibrinogen consumption and hepatic dysfunction. A decrease 
in the rate of erythrocyte sedimentation could differentiate 
MAS from a worsening of inflammation in chronic rheumatoid 
disease. Suspicion of MAS may appear when the erythrocyte 
sedimentation rate is low and ferritin and D‑dimers are elevated. 
Follistatin‑like protein 1, ferritin and erythrocyte sedimentation 
rate may become MAS biomarkers. Their modification may be 
correlated with the expression of certain genes (5,7,16,55).

Pancytopenia. MAS affects at least two cell lines, but most of 
the time all three are affected. In MAS secondary to infections 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  22:  904,  2021 5

or inflammatory diseases, the levels of leukocytes and plate‑
lets may be initially increased due to the underlying disease; 
a decrease in the two cell lines is evident and pronounced after 
a certain time of evolution (19,31,33,42,43). Hemophagocytosis 
is not the only mechanism for the occurrence of pancytopenia 
in MAS; the ‘storm’ of secreted cytokines causes inhibition of 
hematopoiesis (4,10).

Coagulopathy. Coagulopathy is characteristic of MAS and 
has been reported in many studies. This is expressed by the 
prolongation of the PT and aPTT. Fibrinogen is low. Activated 
macrophages determine through cytokines the increase in 
plasminogen activator level, which causes hyperfibrinolysis to 
amplify the hemodialysis syndrome produced by disseminated 
intravascular coagulation (DIC) (5,7,10,21,31,33,43,47).

Decrease in NK cell cytotoxicity. The absence of NK cell 
activity and high IL‑2 receptor‑soluble α‑chain values are 
parameters proposed to be part of the set of criteria for MAS. 
These tests are unable to be performed in all laboratories as 
routine tests (57). The applicability of these criteria to patients 
with MAS associated with lupus is also problematic. In lupus, 
autoimmune cytopenia and immunosuppression are common 
and cannot be differentiated from MAS (23). In these patients, 
hyperferritinemia and lactate dehydrogenase may aid in the 
differential diagnosis (59,60).

sCD25 and sCD163 as MAS markers. Among the clinical 
characteristics of MAS chosen by the international study 
community, there are markers such as soluble CD25 (sCD25) 
and soluble CD163 (sCD163). Researchers believe that they 
could be the key to differentiating MAS from other patholo‑
gies. CD25 is a soluble IL‑2 receptor subunit. CD163 is a 
transmembrane protein present in haemophagocytic macro‑
phages. CD163 binds the hemoglobin‑haptoglobin complex 
and protects the cells against oxidative stress. The plasma 
levels of these two compounds reflect the degree of activation 
and expansion of T lymphocytes and macrophages (3,11,15).

It should be noted that the first 9 criteria consist of one 
clinical criterion (fever) and 8 simple laboratory criteria that 
are available to any hospital service, which is why they are 
preferred to be included in a diagnostic score, unlike the last 
two exposed criteria: Decreased NK and sCD25 and sCD163 
cytotoxicity, which cannot be routinely assessed.

The main sets of criteria/diagnostic scores proposed by 
different groups of authors for MAS diagnosis are further 
evaluated as follows.

First, for identifying a MAS diagnostic algorithm, 
Stabile et al (34) reviewed literature data on the frequency 
of different symptoms, signs or biological parameters that 
occurred in patients diagnosed with MAS. They used as a 
bibliographic source the studies of four reputable teams in 
the field of lymphohistocytosis research: Sawhney et al (6), 
Stephan et al (18), Emmenegger et al (51) and Ravelli (36). 
The most common symptoms that occur in MAS patients 
according to these authors include fever, splenomegaly, coagu‑
lopathy, thrombocytopenia, hepatopathy, hyperferritinemia 
and hemophagocytosis.

Secondly, Sawhney et al presented 9 cases of MAS which 
they encountered during 20 years of experience. Out of a total 

of 143 patients with rheumatologic diseases, a total of 9 out of 
9 patients had fever, 8 out of 9 presented with hepatospleno‑
megalies, 7 out of 9 had bone marrow hemophagocytosis, 6 out 
of 9 presented with lymphadenopathies, 6 out of 9 had hepatopa‑
thies, and 5 out of 9 presented with coagulopathy; these were 
Sawney's proposed criteria for an MAS‑positive diagnosis (6).

Third, the authors of another study followed 7 patients with 
MAS associated with juvenile chronic arthritis. The MAS diag‑
nosis was based on the following clinical and laboratory criteria: 
Fever, thrombocytopenia, hepatosplenomegaly, pancytopenia, 
increased erythrocyte sedimentation rate, coagulopathy and hypo‑
fibrinogenemia. Bone marrow biopsy was performed for all the 
patients and hemophagocytosis was evidenced at 5 patients (15).

Fourth, the first MAS diagnostic set was developed in 
2005, but it had many limitations. The criteria were not 
subsequently validated in clinical activity. The set of criteria 
referred to i) clinical criteria: Central nervous system symp‑
toms (irritability, disorientation, lethargy, headache, epileptic 
seizures, coma), hemorrhagic syndrome (purpura, ecchymosis, 
mucosal bleeding), hepatomegaly (>3 cm under the rib cage); 
ii) laboratory criteria: Leukopenia, thrombocytopenia, hepato‑
citolysis, hypofibrinogenemia; iii) histopathological criterion: 
Hemophagocytosis on bone marrow specimen (47).

Fifth, an extensive international collaborative expert 
project began in 2010 to reach a consensus on MAS diagnostic 
criteria (63). The project was carried out in four stages. Stage 1 
was the Delphi International Survey, which was distributed to 
rheumatology, internal medicine, hematology, intensive care 
specialists (of the 505 physicians who received the survey, 232 
completed the data and provided feedback). Stage 2 was an 
international collection of data on patients with MAS associ‑
ated with rheumatologic disease or other medical conditions 
that can be confused with MAS. Stage 3 consisted of an inter‑
national conference of physicians with expertise in the field 
to reach a consent. Stage 4 included prospective validation of 
discovered criteria (63).

The first part of the project was completed in 2010. 
Questionnaires with 28 clinical, histopathological and labo‑
ratory MAS's criteria were sent to physicians from all over 
the world. The response rate was 45.9%, representing 232 
completed questionnaires. Respondents were asked to score 
the most important diagnostic criteria of MAS; criteria used in 
practice. The highest average, in order, included the following 
criteria: Thrombocytopenia, hyperferritinemia, hemophago‑
cytosis, increased liver enzymes, leukopenia, continuous fever, 
low erythrocyte sedimentation rate (ESR) hypofibrinogenemia 
and hypertriglyceridemia. Note that 7 of 9 are laboratory 
criteria and only 1 is a clinical criterion.

The largest median scores obtained the following criteria: 
Bone marrow hemophagocytosis, hyperferritinemia, fever 
≥38˚C, thrombocytopenia, low red blood cell sedimentation 
rate, lactate dehydrogenase elevation, hypofibrinogenemia, 
and IL‑2 soluble receptor growth. In the end, only 9 diagnostic 
criteria were selected, which received votes from more than 
50% of the surveyed specialists; criteria that will be part 
of a diagnostic score are documented in Table  IV. These 
are thrombocytopenia, hyperferritinemia, hematopoietic 
haemophagocytosis, increased liver enzymes, leucopenia, 
continuous fever, low red blood cell sedimentation rate, 
hypofibrinogenemia and hypertriglyceridemia.



BOJAN et al:  MACROPHAGE ACTIVATION SYNDROME6

The second part of the international collaboration project 
to create an MAS diagnosis system is still ongoing. Physicians 
participating in the study collected clinical‑paraclinical data 
from patients who develop MAS as a complication of varous 
diseases. Data will be collected from the onset and worsening 
of diseases that can lead to MAS (63).

In January 2011, an interim analysis was conducted, with 
76 investigators from 26 countries reporting the following 
results: 272 MAS patients, 378  rheumatoid but non‑MAS 
patients and 322 patients without rheumatoid disease, but with 
specific MAS symptoms. Once the data collection is complete, 
a series of statistical analyses will be carried out. Thus, for 
each laboratory parameter, the sensitivity and the specificity 
to be taken into account as a diagnostic criterion of MAS will 
be calculated. Moreover, combinations of parameters will be 
performed to test their specificity, sensitivity to create a set of 
criteria that will differentiate MAS from other diseases with 
similar manifestations.

The third part of the study refers to the international confer‑
ence of rheumatologists, pediatricians and hemato‑oncologists. 
The purpose of the summit is to reach a consensus concerning 
MAS diagnostic criteria using statistical test combinations.

The fourth part of the study will begin after the comple‑
tion of the MAS diagnostic set criteria, as these will require 
validation in clinical practice (63).

Finally, Ravelli  et  al  (50) published in 2005 the 
‘Preliminary Diagnostic Guide for MAS Associated AJIs’ in 
the Journal of Pediatrics. They named 8 criteria that they consid‑
ered more important in the diagnosis of MAS. Of these, only 5 
entered the top 9 criteria chosen by the international consensus 
of physicians. The criteria included: Thrombocytopenia, 
increased liver enzymes, leukopenia, hypofibrinogenemia and 
hemophagocytosis. The other 3 clinical features proposed by 
Ravelli et al (50) (central nervous system disorders, hemor‑
rhagic diathesis and hepatomegaly) did not have the equivalent 
in the international study (47,63).

5. Discussion

The development of a set of MAS diagnostic criteria is impor‑
tant for the diagnosis of primary macrophage and secondary 
disease syndrome (infectious, inflammatory, neoplastic). MAS 
is often subdiagnosed, confused with symptoms of the basic 
disease, the mortality rate being high 20‑53% (58).

Table IV. The 28 items (features) included in the Delphi International Survey, and the percentage of respondents attributing high 
rank to each feature and mean ranks of features (63).

Item	 Respondents who selected the feature n (%)	 Mean (SD) rank

Falling platelet count	 201 (86.6)	 6.1 (2.3)
Hyperferritinemia	 194 (83.6)	 6.5 (3.0)
Bone marrow hemophagocytosis	 188 (81.0)	 6.9 (3.6)
Increased liver enzymes	 174 (75)	 5.0 (2.4)
Falling leukocyte count	 172 (74.1)	 5.6 (2.5)
Persistent continuous fever ≥38˚C	 158 (68.1)	 6.0 (3.4)
Falling erythrocyte sedimentation	 142 (61.2)	 5.5 (2.7)
Hypofibrinogemia	 142 (61.2)	 5.4 (2.4)
Hypertriglyceridemia	 135 (58.2)	 5.1 (2.7)
Central nervous system dysfunction	 104 (44.8)	 5.0 (2.9)
Falling hemoglobin level 100	 100 (43.1)	 4.8 (2.3)
Prolongation of clotting times	 81 (34.9)	 4.5 (2.3)
Increased D‑dimer	 76 (32.8)	 5 (2.6)
Hemorrhagic manifestations	 72 (31.0)	 5.3 (3.0)
Liver enlargement	 71 (30.6)	 4.8 (2.8)
Spleen enlargement	 57 (24.6)	 4.5 (2.8)
Increased lactic dehydrogenase	 45 (19.4)	 5.5 (2.6)
Increased soluble IL‑2 receptor α	 39 (16.8)	 5.1 (3.1)
Increased soluble CD163	 27 (11.6)	 5.2 (3.0)
Lymphadenopathy 	 22 (9.5)	 4.4 (2.9)
Decreased albumin	 19 (8.2)	 4.3 (2.9)
Hyponatremia	 16 (6.9)	 5 (3.2)
Arthritis improvement	 14 (6.0)	 3.1 (2.4)
Renal failure	 13 (5.6)	 3.6 (2.9)
Jaundice	 9 (3.9)	 5.9 (3.3)
Increased bilirubin	 9 (3.9)	 3.4 (2.0)
Respiratory failure	 6 (2.6)	 4.4 (3.0)
Cardiac failure	 5 (2.2)	 3.8 (2.6)
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According to the analyzed studies, most MAS 
diagnostic criteria were paraclinical. The proposed 
clinical criteria included fever, hepatomegaly, and 
splenomegaly (5‑11,17‑21,24‑26,29,31,33,35,36,40‑47,49‑53,57).

Among these criteria, the subsequent parameters that 
were most commonly used to diagnose MAS were bicito‑
penia (used in 85% of studies), fever (used in 55% of studies), 
hypofibrinogenemia (used in 55% of studies), hyperferithemia 
(used in 55% of studies), hepatosplenomegaly (used in 55% of 
studies), hemophagocytosis (used in 55% of studies), coagu‑
lopathy (used in 55% of studies), hepatopathy (used in 51.85% 
of studies), hypertriglyceridaemia (used in 51.85% of studies), 
decrease on erythrocyte sedimentation rate (22.2%).

More than half of the analyzed studies cited above used 
the following diagnostic criteria for MAS: Bicitopenia, fever, 
hypofibrinogenemia, hyperferritinemia, hepatosplenomegaly, 
coagulopathy, hemophagocytosis, and hepatopathy.

Decreased erythrocyte sedimentation rate, although a 
useful criterion for any hospital service, was used by less than 
half of the authors to diagnose MAS. However, a decrease 
in erythrocyte sedimentation rate was included in the set 

of diagnostic criteria proposed by the international Delphi 
study (63).

Hepatosplenomegaly was present in more than half of the 
studies analyzed in this literature review without being one of 
the criteria proposed by the international study.

Most authors proposed criteria that were accessible to 
nearly all hospitals, with the only less accessible criteria being 
the increased IL‑2 soluble receptor level or the decrease in 
activity of NK or sCD163 cells.

The most elaborate diagnostic score for MAS was the 
outcome of the international Delphi study. This study high‑
lighted the importance of diagnostic criteria, according to 
the opinions of various experts in the field. Sawhney et al (6), 
Stephan et al (18), Emmenegger et al (51) and Ravelli (36). 
also outlined sets of diagnostic criteria for MAS, according to 
each author, some criteria were given more or less importance 
(Table V) (6,18,36,50,51,54,58).

The limits of this literature review are the limitations in the 
search for studies which consist of the lack of access to some 
extended studies provided by the search; the fact that only 
abstracts were available; lack of access to paid studies; lack of 

Table V. Clinical and laboratory features of macrophage activation syndrome according to various authors (6,18,34,36,50,51,54,61).

	 Percentage of patients affected in the studies:
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Shawney et al (6)	 Stephan et al (18)	 Emmenegger et al (51)	 Ravelli (36)

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
  Lymphadenopathy	 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	 ‑	 42	 ‑	 ‑
  Cardiac involvement	 ‑	 42	 ‑	 ‑
  Neurological dysfunction	 22.2	 50	 ‑	 ‑
Laboratory 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 bilirubin	 33.3	 ‑	 ‑	 46
  Elevated lactate dehydrogenase	 ‑	 ‑	 82	 87
  Hypoalbuminemia	 ‑	 ‑	 ‑	 15
  Hypofribinogemia	 22.2	 100	 ‑	 89
  Hypertrigliceridemia	 ‑	 100	 ‑	 86
  Low sodium levels	 ‑	 ‑	 ‑	 58.3
  Hyperferritinemia	 ‑	 ‑	 97	 100
Histopathological marker				  
  Hemophagocytosis in bone marrow	 44.4	 58.3	 80	 83.3
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inclusion of studies published in languages such as German, 
French, Spanish, Portuguese, and Japanese.

6. Conclusions

MAS is an underdiagnosed acute and severe pathology associ‑
ated with a high rate of mortality. Being underdiagnosed, MAS 
is confused with other severe diseases (sepsis, adverse effects 
of anti‑arthritic drugs or exacerbated symptoms of evolving 
rheumatologic or infectious diseases) because of its biological 
and clinical polymorphism.

Due to late diagnosis, many patients are not adequately 
treated leading to a detrimental outcome.

Based on the analysis of the 40 studies included in this 
review, we conclude that the main diagnostic criteria that 
should contribute to the development of a diagnostic score for 
MAS include: Fever, hepatosplenomegaly, hyperferritinemia, 
hepatopathy, coagulopathy, thrombocytopenia, hypertriglyc‑
eridemia, decrease in erythrocyte sedimentation rate and 
bone marrow hemophagocytosis. The only comprehensive 
diagnostic score was developed by Davi et al (63) based on an 
international research project.

These diagnosis criteria could be valuable for many 
phisicians (immunologists, intensive care specialists, hema‑
tologists, infectionists, rheumatologists) in order to recognise 
this syndrome, and have an effective and accurate treatment 
for reducing mortality for this cathegory of patients.
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