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ABSTRACT

Introduction: Macrophage activation syndrome 
(MAS) is a rare but life-threatening systemic 
inflammatory complication, usually arising 
from superimposed viral infections or flares 
of underlying rheumatological conditions. It 
is characterized by an uncontrolled immune 
response, involving the expansion of T-Cells, 
Macrophages, and the hypersecretion of pro-
inflammatory cytokines. The pathophysiology 
of this disease is not fully understood, and the 
diagnostic criteria have been debated. In 2016, 
an international panel of experts released new 
guidelines for the classification criteria of 
MAS, with greater sensitivity, specificity, and 
laboratory guidelines. Our case provides support 
for these new guidelines, and is possibly the 
first published after their release. Furthermore, 
treatment using glucocorticoids and alternative 
immunosuppressants is also reviewed. Case 
Report: A 33-year-old Hispanic male without 
significant history presented with an unremitting 
fever for five days, associated with myalgias, 
fatigue, night sweats, and a rash. Upon admission, 
he was tachycardic, hypotensive and febrile at 
103°F (39.4°C). Physical examination revealed 
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a diffuse, non-blanching, maculopapular 
rash sparing the face, palms and soles. Labs 
revealed pancytopenia, transaminitis, elevated 
ferritin, and low fibrinogen. He was started 
on empiric antibiotics. Blood cultures were 
drawn and returned negative, yet he continued 
to spike fevers. On 4th day, he suffered acute 
respiratory distress syndrome (ARDS), requiring 
mechanical ventilation. He was transferred to 
the intensive care unit (ICU) where he continued 
to deteriorate. Given the persistent fever, 
pancytopenia, transaminitis, low fibrinogen 
and elevated ferritin, MAS was considered, 
based on recent classification criteria. He was 
started on high-dose methylprednisolone. He 
rapidly recovered, and was extubated within 
24 hours and discharged later that week. 
Conclusion: Macrophage activation syndrome 
is a rare condition with a debated definition, 
and a mortality rate of up to 30%. As a result, 
it remains a diagnostic challenge. This case 
supports the new 2016 guidelines and confirms 
methylprednisolone as a first-line treatment. 
Furthermore, MAS seems to have occurred in the 
absence of underlying rheumatological disease.

Keywords: Adult still’s disease, Diagnostic criteria 
for macrophage activation syndrome, Macrophage 
activation syndrome (MAS)
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INTRODUCTION

Macrophage activation syndrome (MAS) is an auto-
inflammatory phenomenon. An immunogenic trigger 
over-activates macrophages, resulting in an uncontrolled 
release of cytokines, and phagocytosis of the body’s own 
cell lines. While most common in pediatrics [1], it has 
been documented in adults as well. This disease is most 
prevalent in patients with preexisting rheumatological 
conditions, especially systemic juvenile idiopathic 
arthritis (sJIA/pediatric Still’s disease), systemic lupus 
erythematosus (SLE), and adult-onset Still’s disease 
(AOSD)  [2]. Due to significant clinical, laboratory and 
pathophysiological overlap, the taxonomy of AOSD, 
hemophagocytic lymphohistiocytosis (HLH) and MAS 
is unclear, and the classification criteria for MAS have 
been debated. An expert working-group released new 
classification criteria in 2016, focusing on the presence of 
(1) a fever PLUS (2) ferritin levels >684 ng/ml, and any 
two of the following: 

•  Platelets ≤ 181x109 /L 
•  Triglycerides > 156 mg/dL 
•  Fibrinogen ≤ 360 mg/dL
•  Aspartate aminotransferase >48 units/L  [3]
We present a case of macrophage activation syndrome 

in the absence of known rheumatologic, immunologic 
or oncologic disease, most likely triggered by a viral 
infection, which became life-threatening, and quickly 
resolved with high-dose corticosteroids. Clinical and 
laboratory findings in our patient support the diagnosis 
of MAS, and the new 2016 criteria. 

CASE REPORT

A 33-year-old Hispanic male without a significant 
medical history presented with a fever for five days. The 
fever  was  constant,  peaking  at  103°F  (39.4°C).  It  was 
preceded by a sore throat, and associated with fatigue, 
myalgias, and night sweats. The day of admission, the 
patient broke out in a maculopapular rash while taking a 
shower. The rash covered his whole body, while sparing 
the face, palms and soles. Review of symptoms revealed 
the recent commencement of Depakote for migraines. 
He reported frequent travel between New Jersey and 
Connecticut (as a truck driver), multiple tattoos (the 
last received two years prior), and a sick contact at work 
with flu-like symptoms. The patient reported allergies 
to peanuts, penicillin and shellfish. His surgical history 
was significant for an appendectomy, tonsillectomy, and 
adenoidectomy.  Family  and  social  history  were  non-
contributory, except as mentioned. 

In the emergency room, the patient had a fever of 
103°F  (39.4°C)  and  was  tachycardic  at  112  bpm.  His 
blood pressure was 98/55 with normal respiration and 
saturation. Physical examination revealed a fit young 
man with multiple tattoos. He had bilateral conjunctival 
injection, oropharyngeal erythema and a few red, 
non-vesicular papules on his soft palate. He had no 
lymphadenopathy. Heart and lung examinations were 
within normal limits. His abdomen was significant for 
hepatomegaly. His skin bore a fine, maculopapular, 
non-blanching rash that spared his face, palms and soles 
(Figure 1).

His initial labs showed pancytopenia, with a white 
count of 1.8x109/L, hemoglobin of 12.3 g/dL, and a 
platelet count of 89x109/L. His liver enzymes were 
elevated with an alanine aminotransferase (ALT) of 391 
U/L, aspartate aminotransferase (AST) of 463 U/L, and a 
total bilirubin of 7.3 mg/dL, with direct bilirubin 6.6 mg/
dL. International normalized ratio (INR) was 1.2 and his 
C-reactive protein (CRP) was 26 mg/L. His chest X-ray, 
(Figure 2) and urine analysis were clear.

Figure  1:  Maculo-papular,  non-blanching  rash  present  upon 
admission.

Figure 2: Chest X-ray upon presentation.
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Rapid HIV test was negative. Cultures and viral 
titers were drawn for pathogens which could have 
disseminated, including viral hepatitis, Epstein–Barr, 
West Nile, parvovirus, Mycoplasma, Neisseria, Rickettsia 
and Lyme. The patient was then started on vancomycin 
and cefepime. Depakote levels were within normal limits. 

Over the next 24 hours, the rash resolved. However, 
his fever continued to spike. His hemoglobin, leukocyte, 
and platelet counts remained depressed over the next few 
days. Blood, sputum and urine cultures were returned 
negative. Viral hepatitis panel was negative. A repeat 
Chest X-ray on day-4 showed bi-basilar infiltrates. A 
follow-up computed tomography (CT) scan of the chest 
confirmed bi-basilar consolidation and pleural effusions. 

The patient continued to deteriorate. Four days after 
admission, he suffered hypoxemic respiratory failure 
with a heart rate of 140 and temperature of 103°F. Chest 
X-ray and oxygenation parameters were consistent with 
adult respiratory distress syndrome (ARDS). 

Immuno-assays for viral and atypical bacterial triggers 
showed IgG positivity for West Nile virus, Epstein-
Barr, and mycoplasma, but no IgM activity. A bone 
marrow biopsy was preformed, and returned negative 
for any significant abnormalities or infectious etiologies. 
D-dimer was elevated at 8.4 µg/mL, but a peripheral 
smear was negative for schistocytes. An autoimmune 
process was proposed, however, his serum was negative 
for anti-nuclear antibodies or rheumatoid factor. As his 
ferritin was high (1640 ng/mL) and fibrinogen was low 
(259 mg/dL), MAS was considered and he was started on 
methylprednisolone 125 mg IV twice daily. 

Within 24 hours, the patient’s respiratory status 
dramatically improved and he was extubated. Chest 
X-ray  before  (Figure  3)  and  after  intubation  (Figure  4) 
are shown. He was discharged after five days, in good 
health and spirits. 

DISCUSSION

Workup
The presentation of an unremitting fever, elevated 

ferritin, thrombocytopenia, hypofibrinogenemia and 
transaminitis, fits the 2016 MAS classification criteria 
discussed below. Infections are known to precipitate 
MAS  [3], and this patient was not improving with 
conventional therapy. While not definitive, his condition 
reversed with methylprednisolone, supporting suspicion 
of an auto-inflammatory process. What does not fit with 
typical MAS, is the lack of a preexisting rheumatological 
condition, congenital immunodeficiency or malignancy. 
The vast majority of MAS cases are tightly associated with 
significant comorbidities such sJIA, SLE, or AOSD [4]. 

Etiology
Macrophage activation syndrome is a disorder in 

which macrophages mistake healthy tissue for pathogens, 
become hyperactive, release inflammatory cytokines and 
consume the body’s own cells [2]. Macrophage activation 
syndrome is usually considered a complication of an 
underlying rheumatological disease [4]. Autophagocytosis 
and unbridled systemic inflammation results in multi-
organ damage [2]. 

Macrophage activation syndrome is far more common 
in pediatrics [1], with data coming from multi-center 
children’s hospitals, usually with fewer than 100 patients. 
There are documented, but even fewer, cases reported in 
adults. 

Looking across populations, MAS is associated with 
four predispositions: 

•  rheumatological conditions (most common), 
•  immunological deficiencies (usually congenital), 
•  malignancies, and 
•  infections  [2] (Table 1)

Figure 4: Chest X-ray less than 24 hours after administration of 
methylprednisolone. 

Figure  3:  Chest  X-ray  in  severe  acute  respiratory  distress 
syndrome, before treatment with methylprednisolone. 
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Table 1: Macrophage activation syndrome (MAS) and hemophagocytic lymphohistiocytosis (HLH) antecedents and presentation. 
Made from the combination of results reported the 2016 MAS working group 2 and two HLH reviews.13,20 These are not diagnostic 
criteria, but rather a table of commonly found associations, clinical and laboratory findings, intended to guide physicians in suspecting 
a hemophagocytic syndrome

Associations Presentation

Infectious Clinical (% prevalence)

Epstein–Barr Virus Fever 93%

Cytomegalovirus Hepatomegaly 68–95%

Herpes Simplex Virus Splenomegaly 53–69%

Human Immunodeficiency Virus Lymphadenopathy 33–48%

Rheumatological CNS deficits 33–40%

Still’s Disease Rash 31%

Rheumatoid Arthritis Respiratory 27–42% 

Systemic Lupus Erythematosus Renal 

Immunodeficiencies Cardiac

Chediak-Higashi Laboratory

Chronic Granulomatous Disease Pancytopenia

Perforin-1 Mutation Transaminitis

Human Immunodeficiency Virus ↑ Triglycerides

↑ Ferritin

↑ Fibrinogen

Hypercoagulability

↑ Lactate dehydrogenase

↑ D-Dimer

↑ Na

Hemophagocytosis

have been documented, from CMV to HSV and HIV [7]. 
Epstein-Barr virus is the most commonly associated 
infectious precipitant [7]. Malignancies and infections 
often act as triggers for fulminant MAS in patients 
especially with pre-existing rheumatological conditions. 

Taxonomy/Areas of debate
Before continuing, we should remark on areas of debate 

with the taxonomy. There is a category of pathologies 
centering on monocyte dysfunction called histiocytic 
disorders. They include Langerhans histiocytosis, familial 
hemophagocytic lymphohistiocytosis, acquired/reactive 
Hemophagocytic Lymphohistiocytosis (aHLH), and MAS 
[7]. The latter three diseases are pathophysiologically 
connected [2, 10]. They all include dysfunctional perforin 
channels, cell to cell cytotoxicity, and NK cell activity 
[10]. Thus, similarity between MAS and HLH subtypes 
is widely recognized [2]. The debate lies in whether these 
diseases are distinct entities or different variations on the 
same pathology. While some have proposed that MAS 
and HLH are the same [11], others have posited that MAS 
is the more severe form or complication of HLH [12]. A 
third set of investigators suggested that each different 
receptor mutation results in a clinically distinct disease 
[4]. It is outside this paper’s scope to investigate further. 

In children, MAS is most commonly associated with 
sJIA  [2]. Pediatric SLE and Kawasaki’s disease are the 
second-most commonly associated comorbidities [4]. 
One small  study  found while only 25% of  sJIA patients 
had  clinical  symptoms  of  MAS,  53%  had  subclinical 
features [5]. In adults, MAS is most commonly associated 
with AOSD and SLE [3]. In a recent meta-analysis, 
Bae  et  al.  [6]  found  that  19.3%  of  adults  with  Still’s 
Disease develop some signs of macrophage activation or 
hemophagocytosis. This lends support to the notion that 
AOSD and MAS lay on the same pathological spectrum.

Of  the  immunologic  deficiencies,  PRF1  mutations 
resulting in dysfunctional perforin channels are most 
commonly associated with MAS. Without functional 
perforin channels, cytotoxic T cells are unable to 
degranulate, inhibiting cell-to-cell toxicity [7]. 
Macrophage activation syndrome is also associated 
with conditions such as Chediak–Higashi syndrome, 
and chronic granulomatous disease [8]. Acquired 
immunologic deficiencies such as HIV and organ 
transplant recipients are also at increased risk for MAS 
[9]. 

Macrophage activation syndrome has also been 
associated with malignancies, particularly lymphoma 
and leukemia [9]. With regards to infection, many vectors 
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Given the clinical overlap, these authors agree that HLH 
and MAS fall on the same spectrum of disease. Variability 
in treatment guidelines [13], thus seem likely a function 
of incomplete understanding.

Given the clinical overlap between AOSD and MAS, 
it has been suggested that MAS may simply be the more 
severe form [6, 14]. It seems possible then, that AOSD, 
HLH and MAS may all fall on the same clinical spectrum, 
with MAS being the most serious manifestation. 

Pathophysiology
The development of MAS hinges on dysfunctional 

cytotoxic and cytolytic activity of NK cells and CD8 
T-lymphocytes [2]. Recall that CD8 and NK cells are also 
responsible for down-regulating activated macrophages 
[15]. Severe immune-dysfunction is evidenced by the 
observation that patients with MAS are highly susceptible 
to infections [16]. 

Three mechanisms of pathology have been proposed. 
First,  defective  lysis  of  infected  cells  allow  antigens 
to persist, resulting in the unrelenting activation of 
macrophages and release of inflammatory cytokines 
[15], including interferon (IFN-γ), tumor necrosis factor 
(TNF-α),  interleukins  (IL-6 &  IL-10),  and macrophage-
colony-stimulating  factor  (M-CSF)    [2].  Second,  as  NK 
and CD8 cells are responsible for auto-regulation, the 
inability to “turn-off” activated lymphocytes could result 
in progressive inflammation [4, 17–19]. Third, overactive 
macrophages lose their ability to distinguish ‘self’ from 
‘non-self,’ resulting in phagocytosis of vital cell lines, 
including erythrocytes and platelets  [4, 17, 18].

Clinical presentation
Given the rarity of this disease, most research has 

focused on small cohorts of children with sJIA or SLE. 
Given the overlap between MAS and HLH, to provide 
more power, the following section will combine data on 
MAS and HLH.

Most MAS/HLH patients present with a protracted 
fever  (93%  of  cases)  [20],  hepatomegaly  (95%), 
lymphadenopathy  (33%),  neurologic  sequelae  (from 
seizures  to  altered  mental  status-33%),  and  rashes, 
usually petechial and/or non-blanching (31%) [21]. Forty-
two percent of patients reported pulmonary involvement, 
often resulting in respiratory distress or ARDS [22]. This 
clinical presentation is loosely replicated by the 2016 
work-group on MAS classification [3], with fever (93%), 
hepatomegaly (68%), splenomegaly(53%) and pulmonary 
involvement in 27% of cases. 

On  laboratory  studies,  80%  of  MAS/HLH  patients 
present with bi-cytopenia, usually of platelets and 
erythrocytes  [21]. Transaminitis  is  found  in 50–90% of 
patients [23]. Lactate dehydrogenase (LDH) is elevated 
in 85% of patients  [24] with a median of  1560 U/L  [3] 
and 68% of patients have elevated triglycerides [25] with 
a mean of 267mg/dL [3]. 

Hyperferritinemia is the hallmark, with median 
ferritin levels of 9094 ng/mL [3]. Note however that 
there is wide variability in ferritin levels. One review 
found  93%  of  cases  having  ferritin  levels  greater  than 
500ng/mL,  42%  had  levels  higher  than  5000  ng/mL, 
and 25% had  levels above 10,000 ng/mL [21].  In other 
words, while very high ferritin is indicative, almost half 
of MAS patients have ferritin levels below 5000 ng/mL. 
Accordingly the new 2016 diagnostic criteria suggest 
684ng/mL as a classification threshold [3]. 

Hemophagocytosis is a classic, yet non-definitive 
marker. To find phagocytized blood cells, multiple 
biopsies or aspirations are often required, as the presence 
of phagocytic macrophages changes over the disease 
course [26]. As a result, positive histology is reported in 
25–100%  of  cases  [27].  Accordingly,  biopsy  is  neither 
sensitive nor specific enough to be pathognomonic [3, 6, 
26].

Diagnostic criteria
There have been multiple working groups attempting 

to define HLH, particularly in 2004 [13] and the 
Filipovich  modification  in  2009  [28].  There  had  been 
no such attempt to separate out MAS until last year. 
In 2016, and international panel of 28 experts created 
classification criteria based upon a review of 428 cases, 
differentiating MAS from a flare of sJIA in children [3]. 
While not perfectly applicable to adults without sJIA, it 
is the most we currently have. Given the clinical overlap 
between sJIA and MAS, the classification criteria may 
be considered to have even greater specificity in patients 
without sJIA, as in our patient. The classification criteria 
are 

(i) a fever PLUS 
(ii)  ferritin levels > 684 ng/ml 

and any two of the four following findings: 
•  platelets ≤ 181x109/L 
•  triglycerides > 156 mg/dL 
•  fibrinogen ≤ 360 mg/dL 
•   aspartate  aminotransferase  >48  units/L  [3] 

(Table 2)

Treatment
Early suspicion and identification is vital in preventing 

mortality, though some cases will still deteriorate [29, 
30]. As there are no trials for MAS, treatment protocols 
overlap with HLH.

The first-line treatment is similar to that of HLH. Pulse 
with methylprednisolone 30 mg/kg IV daily for at least 3 
days [29], followed by maintenance dosing of 2–3 mg/
kg/day, divided evenly into four doses over 24 hours [29]. 
Improvement should occur within 24–48 hours. Failure 
to improve after 48 hours warrants advancing to second-
line treatment. Second-line treatment is parenteral 
cyclosporine A, dosed at 2–7 mg/kg/day [30, 31]. This 
should be initiated in addition to methylprednisolone, 
not as a substitute. 
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For patients who are resistant to second line therapy, 
treatment can be challenging and more creative 
approaches are warranted. Third-line HLH-2004 
treatment protocols, such as the addition of etoposide 
[13] may be considered. Note that myelosuppression is a 
side effect [13]. 

Antithymocyte globulin (ATG) has met with some 
success as a third-line treatment for MAS, especially in 
cases with hepato-renal disease [32]. Antithymocyte 
globulin is less likely to cause myelosuppression [32]. 
TNF  and  IL-1  inhibitors  have  also  met  with  some 
success [2]. If the trigger is viral, Rituximab, in addition 
to immunosuppressants, has been effective for EBV-
induced MAS [33]. 

CONCLUSION

Macrophage activation syndrome (MAS) usually 
occurs in pediatric populations and/or demographics with 
significant immune or rheumatological comorbidities 
making definitive diagnosis extremely difficult. As the bulk 
of research comes from pediatrics and hemophagocytic 
lymphohistiocytosis, given the clinical overlap, we must 
borrow when it comes to adults. While the 2016 criteria 
focus on differentiating macrophage activation syndrome 
from systemic juvenile idiopathic arthritis (sJIA), we 
propose that any patient meeting the classification 
criteria without such underlying confounders should be 
considered for MAS, especially given its morbidity and 
mortality. 

Our patient is notable as an adult, developing 
MAS secondary to a viral trigger, without underlying 
identifiable rheumatological, oncological, or 
immunological comorbidities, which makes this case 
rather unique. More research is clearly needed to 
illuminate the pathophysiology of MAS, the relationship, 
even if synonymous, between Adult-Onset still’s disease, 
hemophagocytic lymphohistiocytosis, and MAS, and 
address the variable treatment modalities currently 
considered.
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