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ABSTRACT
An 11-year-old Turkish girl from a non-
consanguineous family was suffering 
from joint pain, fever, hepatospleno-
megaly, and respiratory insufficiency. 
Laboratory abnormalities were throm-
bocytopenia, elevated levels of serum 
transaminases, lactate dehydrogenase, 
and C-reactive protein (up to 193 mg 
/ l), a hyperferritinaemia of 8030 ng/
ml, and an increased sCD25. The ten-
tative diagnosis of macrophage activa-
tion syndrome (MAS) was confirmed 
by the detection of a histiocytosis with 
haemophagocytosis in the bone mar-
row. Treatment with dexamethasone, 
cyclosporine A, and VP16 was success-
ful. However, the diagnosis of MAS on 
the background of a systemic juvenile 
idiopathic arthritis was questionable 
because of recurrent, spontaneously 
remitting fever phases of 5 to 7 days 
duration without an obvious infectious 
aetiology. A positive family history of 
febrile episodes in three consecutive 
generations raised the suspicion of a 
dominantly inherited disease. Genetic 
studies revealed a likely pathogeneti-
cally relevant E56D/p.Glu85Asp muta-
tion in exon 3 of the TNFRSF1A gene. 
Alterations of the MEFV gene, in con-
trast, were not found.
To our knowledge, this is the first case 
of a macrophage activation syndrome 
as the initial manifestation of TRAPS. 
Similar case reports in patients with 
the far more common familial Medi-
terranean fever (FMF) have been pub-
lished already.

Introduction
The macrophage activation syndrome 
(MAS) is a severe, life-threatening 
complication of rheumatoid diseases, 
particularly systemic juvenile idiopath-
ic arthritis (sJIA; 1). It results from an 

uncontrolled activation of macrophag-
es with excessive release of cytokines 
as a consequence of an immunodysreg-
ulation. In analogy to genetic (primary) 
histiocytosis syndromes with defects in 
cellular cytotoxicity, NK cell dysfunc-
tion is pathogenetically relevant (2). 
Histiocytotic syndroms observed in the 
context of autoimmune diseases, im-
munodeficiencies, malignancies, viral 
infections, or after exposure to drugs 
are regarded as secondary histiocytosis 
and in paediatric rheumatology tradi-
tionally known as MAS (3).
Typical symptoms of MAS are persis-
tent fever (as opposed to alternating 
fever in sJIA), hepatosplenomegaly, 
lymphadenopathy, and encephalopa-
thy. Less commonly, pneumonia, rash, 
panniculitis, and signs of bleeding are 
observed. Classical clinical laboratory 
characteristics are reduced number of 
leukocytes and platelets, anaemia, in-
creased transaminases, increased LDH, 
coagulation disorders with increased 
prothrombin and partial thromboplas-
tin time, a reduced fibrinogen, and el-
evated D-dimers, a decreasing or “con-
spicuously” normal erythrocyte sedi-
mentation rate, and elevated serum tri-
glycerides. Immunological characteris-
tics are increased soluble interleukin-2 
receptors (sCD25) and a decreased NK 
cell activity. The latter in combination 
with a decreased responsibility of NK 
cells to interleukin (IL)-18 has also 
been described as a hallmark of immu-
nodysregulation in systemic JIA (4). In 
addition, elevated serum ferritin levels 
up to 50,000 ng/ml are very character-
istic. The diagnosis is confirmed by the 
presence of a haemophagocytosis in 
bone marrow or in tissues (liver, lymph 
nodes) (5). 
The tumour necrosis factor recep-
tor 1-associated periodic syndrome 
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(TRAPS) is an autosomal dominantly 
inherited autoinflammatory disease 
characterised by recurrent attacks of 
fever (6). It is caused by mutations in 
the TNFRSF1A gene on chromosome 
12p13.31, which encodes the TNF re-
ceptor 1 (TNFR1). By activating the 
“nuclear factor kappa B” (NF-kB), this 
receptor is involved in inflammatory 
reactions (7).
Over 120 different mutations have been 
identified in the TNFRSF1A gene (8). 
The clinical spectrum of patients with 
TRAPS is very heterogeneous. The 
frequent R92Q variant is also found in 
healthy individuals or leads to a less 
distinctive and milder phenotype (9). 
Clinically, periods of fever with a dura-
tion of more than five days are charac-
teristic symptoms of affected children. 
During the fever flares, parameters of 
inflammation such as the C-reactive 
protein (CRP), the erythrocyte sedi-
mentation rate (ESR), serum amyloid 
A (SAA), and the interleukins IL-6 and 
IL-8 are increased and may decrease or 
normalise in between (10). A reactive 
SAA amyloidosis develops in  about 
15%–25% of the patients (11).
Pathophysiologically, a disturbed shed-
ding of TNF receptors with consecu-
tive reduction of soluble TNF recep-
tors in the blood and the lack of TNF 
neutralisation was initially described, 
but  a disturbed protein folding with 
subsequent intracellular dysregulation 
of the NF-kB signalling pathway and 
an increased production of cytokines 
including IL-1β appears to be a much 
more common cause of the disease (6, 
7). The latter mechanism may explain 
the frequent failure of extracellular 
TNF neutralisation with etanercept or 
TNF antibodies (11, 12). In contrast, a 
blockade of IL-1βß with canakinumab, 
a human monoclonal antibody against 
this protein, was effective in an open 
trial of 20 patients regardless of the un-
derlying mutation (13).

Case report
An 11-year-old Turkish girl from a non-
consanguineous family in poor general 
condition presented with fever and 
polyarthralgia and arthritis of finger, 
shoulder and knee joints. Upon  anti-
biotics, a generalised rash  was noted 

in an outside clinic. Her outstanding 
symptom was a massive, painful hepat-
osplenomegaly. Because of respiratory 
failure, she received intensive medical 
treatment. Prominent laboratory abnor-
malities were a thrombocytopenia with 
inconspicuous remaining cell lines, a 
significant CRP increase of 193 mg/L 
and an increase of the serum transami-
nases ASAT (GOT) and ALT (GPT) as 
well as lactate dehydrogenase (LDH). 
Other laboratory findings included a 
significantly increased serum ferritin of 
8030 ng/ml and an increase of the solu-
ble interleukin-2 receptor sCD25. Bone 
marrow biopsy provided evidence of a 
histiocytosis with haemophagocytosis. 
With the diagnosis of a macrophage 
activation syndrome in the context of 
a systemic juvenile idiopathic arthritis, 
treatment with dexamethasone, cyclo-

sporin A, and VP16 was instituted ac-
cording to the HLH 2004 protocol (14). 
Thereby, a complete remission was 
achieved (Table I). The NK cell activity 
and perforin expression were normal in 
the interval (thanks to Prof. Dr Stephan 
Ehl, University Hospital Freiburg, Ger-
many). A reduction of the corticoster-
oid dose was therefore possible.
During follow-up, she developed re-
current bouts of fever, arthralgias, and 
elevated CRP concentrations with a 
duration of 5 to 7 days with no appar-
ent infectious etiology. Therapeutic ap-
proaches with increased corticosteroid 
doses were always “successful”. The 
recurring course eventually led to her 
being referred to our paediatric rheu-
matology unit with the presumptive 
diagnosis of Still’s disease with fever, 
pain in the wrists as well as in the right 

Table I. Course of laboratory parameters upon combined treatment with dexamethasone, 
etoposide and cyclosporine A.
 
 Ferritin LDH ASAT/ALAT Fibrinogen sCD25
 ng/ml U/l U/l mg/dl U/ml
 [<200] [<330] [5-45] [160-400] [<1000]

Diagnosis 25811 3093 525/698 95 2738
Week 1 12261 474 51/22 100 
Week 2 4229.5 225 41/23 390 
Month 1 4705 321 284/118  
Month 2 1588 327 80/46 441 
Month 3-4 983 293 48/25  144.5

Treatment with dexamethasone was given for 2 months, etoposide for 2.5 months and cyclosporine A 
for 3 months.

Fig. 1. Pedigree of the family with fever episodes in three generations typical of an autosomal domi-
nantly inherited disease. All affected family members carried a heterozygous G>C nucleotide substi-
tution in exon 3 of the TNFRSF1A gene, which resulted in the replacement of amino acid 56 of the 
mature protein, glutamic acid (GAG), by aspartic acid (GAC; E56D or p.Glu85Asp). The father of the 
index patient was also a mutation carrier, but he was free of symptoms.



S-101

CASE REPORTMacrophage activation syndrome in TRAPS / G. Horneff et al.

sacroiliac joint, and status post MAS 3 
years earlier. 
At the initial presentation, the 14-year-
old girl was in a reduced general status 
of health, had a significantly cushin-
goid moon face, was febrile with tem-
peratures of 39.3°C, and had a pale skin 
color without a rash. Heart, lungs, and 
abdomen were unremarkable. There 
were also no signs of infection. Joint 
pain was present in both shoulders and 
hips. A joint swelling or movement re-
strictions, however, were not found. 
The family history taken revealed fe-
ver episodes in three consecutive gen-
erations (Fig. 2). Kidney disease in the 
family was denied.
Laboratory findings included a leuko-
cytosis with otherwise unremarkable 
blood counts, a significantly elevated 
CRP with 213 mg/l and an increased 
ESR with 50 mm in one hour. Serum 
amyloid A was slightly increased with 
28 mg/l. A CMV or EBV infection could 
be excluded. Autoantibodies, ANA, 
ENA, anti-dsDNA, and ANCA were all 
negative. C3 and C4 complement were 
also normal. Chest x-ray, ECG, and 
ECHO provided no pathological result.
Treatment with the interleukin-1 recep-
tor antagonist anakinra in a dosage of 
2mg/kg body weight/day was started 
which led to the immediate disappear-
ance of her fever and control of labora-
tory abnormalities (Fig. 1).
Because of the family history, the diag-

nosis of a hereditary autoinflammatory 
disease was suspected and a molecular 
genetic work-up was started. Genetic 
studies detected a likely pathogeneti-
cally relevant glutamic acid (GAG)-
to-aspartic acid (GAC) substitution at 
amino acid position 56 of the mature 
protein (E56D or p.Glu85Asp) encod-
ed by exon 3 of the TNFRSF1A gene 
while exons 2, 3 and 10 of the MEFV 
gene were not alterated. The excretion 
of mevalonic acid in the urine also was 
not increased. Treatment with anakinra 
was continued under the diagnosis of 
TRAPS for four years now. During this 
time, the girl remained in complete re-
mission with the exception of a febrile 
flair during a summer vacation due to a 
reduced compliance.

Discussion 
The patient presented is to our knowl-
edge the first case of a MAS as the ini-
tial manifestation of TRAPS. The diag-
nosis of MAS was made on the basis 
of typical clinical findings with char-
acteristic blood changes, a massive hy-
perferritinaemia, an increase of soluble 
CD25, a significant CRP increase, and 
an increase in transaminases and LDH 
and was confirmed by the detection of 
histiocytosis with haemophagocytosis 
in bone marrow. 
MAS can be fatal. Early detection is 
therefore highly important for rapid 
and appropriate treatment (1). 

The terms haemophagocytosis syn-
drome (HS) and macrophage activa-
tion syndrome (MAS) are often used 
interchangeably. In HS, the circulating 
macrophages phagocytose particularly 
erythrocytes (15). A HS can occur both 
primary and secondary. In primary fa-
milial or sporadic forms, various ge-
netic mutations in the PRF1, UNC13D, 
STX11, and STXBP2 genes are respon-
sible for the disease (15). The second-
ary type can be found associated with 
infections, malignancies, or autoim-
mune diseases. 
The pathogenesis of MAS in the con-
text of sJIA is not fully understood. A 
reduced cytotoxic activity may already 
be part of the pathogenesis of sJIA (16). 
When there is evidence for active sJIA, 
a low PRF1 gene expression with a re-
sulting reduced activity of NK (natural 
killer) cells and cytotoxic CD8+ T-lym-
phocytes has been described (16, 17, 
18). This insufficiency consecutively 
reduces the inherent potency for lim-
iting/interrupting the proinflammatory 
response (15). In patients with MAS, 
the NK cell and CD8+ T-lymphocyte 
inefficiency is maximal. The prolonged 
activation of lymphocytes and mac-
rophages results in a cytokine over-
production and finally in haemophago-
cytosis.
Particularly in patients with systemic 
JIA, but also in other rheumatic dis-
eases such as systemic lupus erythema-
tosus, MAS has to be considered as an 
important differential diagnosis in the 
event of fever and other inflammatory 
conditions. The typical laboratory find-
ings (cytopenias, transaminases and 
LDH increased, fibrinogen decreased, 
increasing fasting triglycerides) can be 
detected very rapidly in any laboratory. 
Particular interest should be given to 
the elevation of the acute phase protein 
ferritin.
Treatment is based on recommenda-
tions of the MAS Histiocyte Society 
guidelines with methylprednisolone, 
cyclosporine, and etoposide (13, 19). 
Depending on the severity of the mani-
festation, successful treatment with 
corticosteroids and cyclosporine A, or 
the application of intravenous immu-
noglobulins, tumour necrosis factor an-
tagonist (etanercept), and interleukin-1 

Fig. 2. Laboratory parameters CRP, ESR, and SAA during four years of anakinra treatment.
(normal: CRP < 6mg/l, ESR < 20 mm/h, SAA < 10mg/l)
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inhibitors (anakinra, canakinumab) as 
well as plasmapheresis have been de-
scribed (13, 21).
To our knowledge, a MAS has not 
been described previously in connec-
tion with TRAPS. TRAPS is part of a 
family of rare hereditary autoinflamma-
tory diseases that are characterised by 
recurrent bouts of fever and localised 
inflammation of various organs (6, 22). 
In our patient, recurrent, spontaneously 
remitting fever episodes of 5 to 7 days 
duration without infectious etiology 
are documented. The family history 
revealed fever bouts in three consecu-
tive generations, raising the suspicion 
of an autosomal dominantly inherited 
trait. Genetic studies detected a likely 
pathogenetically relevant point muta-
tion in exon 3 of the TNFRSF1A gene, 
although the structure-function analysis 
program PolyPhen2 predicted that this 
is a benign variant (polymorphism). 
Treatment with anakinra was success-
fully continued under the diagnosis of 
TRAPS for 4 years now.
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