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Abstract
Hyperimmunoglobulin D syndrome (HIDS) is a hereditary autoinflammatory disease characterized by recurrent inflammatory 
attacks with fever, abdominal pain, lymphadenopathy, aphthous stomatitis, and skin lesions. There are few reports on HIDS 
patients complicated with macrophage activation syndrome (MAS); however, to our knowledge, there is no case of HIDS with 
recurrent MAS attacks. We report two pediatric patients initially diagnosed as Kawasaki disease and systemic juvenile idiopathic 
arthritis presented with recurrent MAS episodes with prolonged fever, skin rash, hepatosplenomegaly, cervical lymphadenopa-
thy, aphthous stomatitis, headache, pancytopenia, hyperferritinemia, and hypofibrinogenemia, finally diagnosed as HIDS with 
a documented homozygous MVK gene mutation. This is the first report on recurrent MAS attacks due to HIDS in pediatric 
patients who were successful treated with corticosteroids and anti-IL-1 therapies. Thus, clinicians should be vigilantly investi-
gated signs of autoinflammatory diseases in patients with recurrent MAS attacks during their disease course, and HIDS should 
be considered an underlying disease for triggering recurrent MAS attacks. We have also reviewed the current literature regard-
ing HIDS cases complicated with a MAS attack and summarized their demographic, treatment, and outcome characteristics.

Key points
• Hyperimmunoglobulin D syndrome should be considered in differential diagnosis in patients who experienced recurrent macrophage 

activation syndrome attacks.
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Introduction

Mevalonate kinase deficiency (MKD) is an autosomal reces-
sive inherited autoinflammatory disorder affecting various 
organs and has two distinct phenotypes; the severe form is 
called as mevalonic aciduria (MVA), and milder form as 
hyperimmunoglobulin D syndrome (HIDS) [1]. MKD is 
caused by mevalonate kinase (MVK) gene mutation result-
ing in deficiency of mevalonate kinase enzyme, which 
plays a role in cholesterol and non-sterol isoprenoid bio-
synthesis [2]. HIDS is characterized by recurrent attacks of 

fever, maculo-papular skin rash, cervical lymphadenopathy, 
abdominal pain, headache, and aphthous stomatitis lasting 
3 to 6 days [1]. Clinical symptoms of HIDS typically begin 
in infancy period and febrile attacks can be triggered by 
vaccination, surgery, trauma, or stress. Urine mevalonic 
acid, serum acute phase reactants, and immunoglobulin 
D levels are usually elevated in inflammatory attacks [3, 
4]. Non-steroidal anti-inflammatory drugs (NSAIDs) and 
short-term corticosteroids are useful treatments to reduce 
symptoms especially during inflammatory attacks [4, 5]. 
Anti-interleukin-1 (IL-1) therapies have shown a beneficial 
effect to impede the inflammatory flares [6]. There are also 
some cases with HIDS responsive to anti-tumor necrosis 
factor (TNF) therapy [7]. Amyloidosis is the most important 
devastating complication in undiagnosed and/or untreated 
patients with HIDS [8].
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Macrophage activation syndrome (MAS) is a life-threat-
ening condition due to excessive production of cytokines 
with aberrant activation of T lymphocytes and macrophages, 
characterized by persistent fever, cytopenia, hyperferritine-
mia, hypertriglyceridemia, hypofibrinogenemia, elevated 
liver function tests, coagulopathy, hepatosplenomegaly, 
encephalopathy, and multi-organ failure [9]. MAS may 
develop in patients with infectious, malignant, autoimmune, 
and autoinflammatory diseases, such as systemic juvenile 
idiopathic arthritis (sJIA), Kawasaki disease (KD), systemic 
lupus erythematosus, tumor necrosis factor receptor–associ-
ated periodic syndrome (TRAPS), deficiency of adenosine 
deaminase 2, and HIDS [10–16]. The main goal of treatment 
of MAS is to depress the hyperinflammation with corticos-
teroids, cyclosporine A (CSA), intravenous-immunoglobu-
lin (IVIG), anti-IL-1 therapies and/or plasmapheresis [17]. 
Some patients may exhibit a recurrent disease course irre-
spective of treatment.

Herein, we report two pediatric patients presented with 
recurrent MAS episodes with prolonged fever, skin rash, 
hepatosplenomegaly, cervical lymphadenopathy, pancyto-
penia, hyperferritinemia, and hypofibrinogenemia, finally 
diagnosed with HIDS. To our knowledge, this is the first 
report on recurrent MAS attacks due to HIDS in pediatric 
patients who were successfully treated with corticosteroids 
and anti-IL-1 therapies.

Case presentations

Case 1

A 20-month-old girl was referred to the pediatric rheuma-
tology clinic with prolonged fever, oral aphthous stomatitis, 
maculopapular skin rash, and headache lasting for 10 days. 
Physical examination showed maculopapular skin rash at the 
extremities and trunk, cracked lips, a 2-cm-diameter-sized 
unilateral cervical lymphadenopathy, hepatosplenomegaly, 
and neck stiffness. There was no parental consanguinity. 
Laboratory workup showed leukopenia, thrombocytope-
nia, hypofibrinogenemia, elevated acute phase reactants, 
and high ferritin and triglyceride levels. Anti-nuclear anti-
body (ANA), anti-dsDNA, and rheumatoid factor (RF) were 
negative, and serum complement levels, urinalysis, blood 
peripheral smear, and chest X-ray were normal. Viral serol-
ogy and brucella tests were unremarkable. Abdomen ultra-
sonography (USG) revealed hepatosplenomegaly, while cer-
vical USG revealed lymphadenopathy resembling reactive 
enlargement. Echocardiography findings, including coronary 
arteries, were normal. Cerebrospinal fluid analysis from 
lumbar puncture were normal. The diagnosis of incomplete 
KD was considered because of the presence of prolonged 
fever and three accompanying clinical findings, including 

cervical lymphadenopathy, mucosal involvement, and skin 
rash. Hemophagocytic macrophages were revealed in bone 
marrow aspiration. Our first decision was MAS secondary 
to incomplete KD, and 2 g/kg IVIG therapy was given. Due 
to persistent fever, three daily 30 mg/kg per day pulse meth-
ylprednisolone and 5 mg/kg per day oral cyclosporine were 
added to the therapy. Her fever and all clinical symptoms 
were resolved. Corticosteroid therapy was tapered gradu-
ally and ceased at the end of the third month of the treat-
ment. Afterwards, the patient did not come to our clinic 
for follow-up visits. The patient was referred to our clinic 
again at the age of 8 with complaints of fever, oral aphthous 
stomatitis, maculo-papular skin rash, and abdominal pain. 
We learned that she had tonsillectomy due to the diagno-
sis of periodic fever, aphthous stomatitis, pharyngitis, and 
adenitis (PFAPA) syndrome in another hospital because of 
recurrent tonsillitis attacks at the age of 4, but her febrile 
attacks did not regress. Her laboratory, clinical, and bone 
marrow findings were compatible with MAS again. Pulse 
methylprednisolone and IVIG treatments were started, and 
her symptoms was resolved promptly. Based on clinical 
and laboratory findings including recurrent attacks of MAS 
preceded by recurrent fever episodes, aphthous stomatitis, 
tonsillitis, cervical lymphadenopathy, maculo-papular rash, 
headache, and elevated acute phase reactants since the age 
of 6-month-old, homozygous V377I mutation was on MVK 
gene, and a final diagnosis of HIDS was made in this patient. 
She well responded to anakinra, an IL-1 receptor blocker, 
and has been followed-up without any complaints associated 
inflammatory attacks for 3 months.

Case 2

A 27-month-old girl was admitted to the pediatric rheuma-
tology clinic with prolonged fever, skin rash, arthralgia, and 
myalgia lasting for 15 days. Physical examination showed 
maculopapular skin rash on trunk, face, and extremities, 
edema on the extensor surface of the feet and hands, a 
1.5 cm diameter of cervical lymphadenopathy, abdominal 
pain, and hepatosplenomegaly. There was no consanguin-
ity between parents. Leukopenia, anemia, elevated ferritin, 
alanine aminotransferase and triglyceride levels, and high 
acute phase reactants were detected. ANA, anti-dsDNA, RF 
and brucella tests were negative; serum complement lev-
els and viral serology tests were normal. Chest X-ray and 
echocardiography were normal. The patient was diagnosed 
as sJIA with the signs of prolonged fever, rash, hepatosple-
nomegaly, and arthritis. Bone marrow aspiration was com-
patible with MAS, and a diagnosis of MAS secondary to 
sJIA was made. Pulse methylprednisolone with a 30 mg/
kg per day was prescribed for 3 days, and then 1 mg/kg per 
day oral prednisolone was continued. Anakinra was added 
to the treatment due to higher acute phase markers in the 
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third month of the treatment. Her symptoms were resolved, 
laboratory parameters returned to normal, and corticoster-
oid therapy was tapered gradually and stopped at the end of 
6 months. The patient was admitted to our clinic 3 months 
later at the age of 36-month-old with complaints of fever, 
maculopapular skin rash, arthralgia, myalgia, and abdominal 
pain under anakinra therapy. Her laboratory, clinical, and 
bone marrow findings were compatible with MAS again. 
Pulse methylprednisolone and IVIG treatments were started, 
and her symptoms regressed partially. The patient’s diagno-
sis was challenged again. An autoinflammatory gene panel 
was studied, and V377I homozygous mutation was detected 
on MVK gene, and then the diagnosis of HIDS was made. 
Canakinumab, which is a monoclonal antibody against IL-1 
receptor, was started. The patient has been followed up under 
canakinumab treatment for 6 months in complete remission.

Both patients’ demographic, clinical, laboratory and treat-
ment features are shown in Table 1. Informed consents were 
obtained from the parents of the cases.

Search strategy

We searched PubMed using the keywords “recurrent mac-
rophage activation syndrome,” “hyperimmunoglobulin 
D syndrome,” and “mevalonate kinase deficiency” and 
reviewed the current literature. We searched the English lit-
erature from inception to June 2022. Articles were excluded 
if patients with HIDS did not experience any MAS attacks. 
Editorial letters and abstracts were excluded. Patients’ age, 
gender, clinical findings, MVK gene mutation, treatment 
strategies, treatment response, clinical findings, and out-
comes were recorded for each patient. This paper is prepared 
as a narrative review.

Discussion

MAS may show a recurrent course with a high mortality 
rate in many childhood diseases, mainly reported in sJIA, 
and rarely reported in autoinflammatory diseases [18]. To 
our knowledge, our cases are the first report in the current 
literature, presenting with recurrent MAS attacks due to 
HIDS disease.

Firstly, in 2007, Rigante et  al. reported a 7-year-old 
female patient who was previously diagnosed as HIDS, pre-
senting with persistent fever, serositis, lethargy, heart failure, 
increased ferritin-triglyceride-interferon γ levels, hypofi-
brinogenemia, thrombocytopenia, and anemia. Bone marrow 
aspiration revealed activated macrophages compatible with 
MAS. A favorable response with complete remission was 
attained by corticosteroid and CSA treatment [16]. In 2014, 
Schulert et al. described an 11-month-old patient presenting 

with non-remitting fever, respiratory distress, abdominal dis-
tention, hepatosplenomegaly, hyperbilirubinemia, elevated 
liver function tests and elevated CRP, thrombocytopenia, 
and anemia, diagnosed with MKD with a compound het-
erozygous mutation in MVK gene. Liver biopsy revealed 
sinusoidal histiocytes and hemophagocytosis, while bone 
marrow aspiration was unremarkable. The patient well 
responded to corticosteroid and anakinra therapy [19]. A 
cohort of 50 MKD patients from France reported that 6 
patients developed MAS and one died [20]. In a series of 
114 cases with MKD from the Eurofever registry, only one 
patient had experienced a MAS attack, responded partially 
to anakinra, while completely to canakinumab treatment 
[21]. Short-term corticosteroids and NSAIDs are benefi-
cial to relieve the symptoms during inflammatory attacks. 
Colchicine is ineffective to prevent inflammatory attacks. 
Anti-IL-1 therapies are the main treatment in HIDS; how-
ever, there are some reports about the benefits of anti-TNF 
therapies. Allogenic hematopoietic stem cell transplantation 
may be considered in cases unresponsive to current treat-
ments [1]. Our first case achieved a complete remission for 
inflammatory attacks with anakinra, while the second case 
with canakinumab, in addition to corticosteroid therapy. A 
literature review consisting of HIDS cases who complicated 
with a MAS episode is exhibited in Table 2.

Although the clinical presentation of MAS in the course 
of childhood rheumatological, infectious, and malignant dis-
eases is relatively rare, it has to be evaluated in the differen-
tial diagnosis and appropriate treatment should be promptly 
started. The presence of recurrent fever attacks, a family 
history of autoinflammatory disease, parental consanguin-
ity, and a detailed physical examination should carefully be 
evaluated by clinicians. Thors et al. described an 8-week-old 
girl patient diagnosed with incomplete KD due to prolonged 
fever, increased acute phase reactants, and coronary artery 
aneurysm [22]. At the follow-up, a diagnosis of HIDS was 
made with the detection of compound heterozygous muta-
tion in MVK gene performed because of recurrent fever 
attacks. They emphasized that autoinflammatory diseases, 
like HIDS, should be kept in mind when recurrent fever 
attacks present in patients initially diagnosed as KD [22]. 
A survey from France evaluating the initial diagnosis of 
thirteen patients with MKD reported that a variety of other 
diseases was suspected before the right diagnosis, such as 
sJIA, PFAPA, familial Mediterranean fever, chronic infantile 
neurological cutaneous and articular syndrome, vasculitis, 
KD, inflammatory bowel disease, and immunodeficiency 
[23]. According to the new Eurofever/PRINTO classifica-
tion criteria, a diagnosis of MKD is based on the presence of 
a bi-allelic MVK gene mutation plus at least one of the fol-
lowings, gastrointestinal symptoms, cervical lymphadenopa-
thy, and aphthous stomatitis [24]. The diagnosis of sJIA is 
characterized by prolonged fever lasting at least 2 weeks and 
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Table 1  Clinical characteristics, laboratory data, treatment, and prognosis of patients with recurrent MAS due to HIDS

MAS, macrophage activation syndrome; HIDS, hyperimmunoglobulin D syndrome; PFAPA, periodic fever, aphthous stomatitis, pharyngitis, and 
adenitis syndrome; MVK, mevalonate kinase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ALT, alanine amino transferase; 
WBC, White blood count
* The laboratory features when understood that the patient has the first MAS attack in the first hospitalization
** The laboratory features of the patient in the last visit when the patient is under treatment and has no complaints

Patient 1 Patient 2

Age at diagnosis at the first MAS attack (months) 20 27
Age at diagnosis of HIDS (months) 96 36
Gender Female Female
Delay time in diagnosis of HIDS (months) 76 12
Clinical manifestations Fever, maculo-papular rash, oral aphthous, head-

ache, cervical lymphadenopathy, hepatospleno-
megaly

Fever, maculo-papular rash, headache, 
arthralgia, myalgia, hepatospleno-
megaly

MVK gene mutation V377I homozygous V377I homozygous
First visit of MAS attack
  ESR (mm/h)* 39 30
  CRP (mg/dl)* 320 152
  Ferritin (ng/mL)* 875 2717
  Fibrinogen (mg/dl)* 104 164
  ALT (U/L)* 33 69
  AST (U/L)* 68 94
  Triglyceride (mg/dl)* 231 239
  Albumin (g/dl) 2.7 2.6
  Sodium (mmol/l) 128 131
  WBC (× 10^9/L)* 4900 4100
  Neutrophils (%)* 62 81
  Hemoglobin (g/L)* 11.1 9.6
  Platelet (× 10^9/L)* 38,000 466,000

Last visit after treatment
  ESR (mm/h)** 27 7
  CRP (mg/dl)** 4.6 1.6
  Ferritin (ng/mL)** 35 43
  Fibrinogen (mg/dl)** 256 182
  ALT (U/L)** 16 16
  AST (U/L)** 21 18
  Triglyceride (mg/dl)** 74 88
  Albumin (g/dl) 4.4 4.5
  Sodium (mmol/l) 138 139
  WBC (× 10^9/L)** 5300 8500
  Neutrophils (%)** 61 44
  Hemoglobin (g/L)** 11.9 12
  Platelet (× 10^9/L)** 343,000 607,000

Misdiagnoses before HIDS diagnosis Kawasaki disease, PFAPA Systemic JIA
Treatments Corticosteroid, cyclosporine, Anakinra Corticosteroid, Anakinra, Canakinumab
Response to prednisolon Partial response Partial response
Response to anakinra Complete response Partial response
Response to canakinumab Not used Complete response
Prognosis Favorable Favorable
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arthritis along with generalized lymphadenopathy, serositis, 
hepatosplenomegaly, and/or maculopapular skin rash [25]. 
We had initially misdiagnosed our first patient as KD, and 
then PFAPA, and finally, patient was diagnosed as HIDS 
due to recurrent fever, aphthous stomatitis, and cervical lym-
phadenopathy attacks with a documented MVK gene muta-
tion. Our second patient was misdiagnosed as sJIA firstly, 
but the patient was diagnosed with HIDS after genetic stud-
ies due to the recurrence attacks of fever, skin rash, abdomi-
nal pain, and arthritis during the follow-up.

The diagnosis of MAS based on Ravelli criteria indicates 
that sJIA patients with persistent fever and increased ferri-
tin level (> 684 ng/ml), and requirement of 2 criteria of the 
followings; decreased thrombocyte count (≤ 181 ×  109/L), 
increased AST level (> 48 U/L), decreased fibrinogen level 
(< 360 mg/dl), and increased triglyceride level (> 156 mg/
dl). Application of bone marrow aspiration to demonstrate 
hemophagocytic cells may be needed in only suspicious 
patients [26]. Both our patients met the Ravelli criteria. 
MAS can be fatal in patients with delayed diagnosis and 
prompt treatment of MAS is critical. Differentiation of 
MAS from primary hemophagocytic lympho-histiocytosis 
(HLH), an autosomal recessive inherited disease leading 
to deficiency of proteins in perforin-dependent pathway 
of cytolysis, is important because of the differences in the 
treatment protocols [26]. MH score has been generated for 
differentiating primary HLH from MAS, comprising six 
following items, including age at disease onset, neutrophil 
and platelet counts, fibrinogen level, hemoglobin level, and 
splenomegaly. A MH score of ≥ 60 is an indicator of primary 
HLH than MAS with a best performance [27]. MH score of 
our two patients were lower than 60 and we did not perform 
a genetic analysis for primary HLH to the patients.

MAS is a hyperinflammatory condition by a cytokine 
storm, including IL-1, IL-6, IL-18, and TNFα [9]. There-
fore, our main aim in treatment of MAS is to suppress this 
hyperinflammatory condition with immunosuppressive ther-
apy. High-dose corticosteroid and CSA therapy are the most 
common used agents in the treatment of MAS. Administra-
tion of high doses of anakinra which blocks IL-1α and IL-1β 
and IVIG treatments was reported to be successful, but there 
is still a lack of controlled studies [17, 26]. We have well 
controlled our first patient’s recurrent MAS attacks and pri-
mary disease activity with anakinra in addition to corticos-
teroid, CSA, and IVIG treatments. Our second patient well 
responded to canakinumab in addition to corticosteroid and 
IVIG treatments. This patient was unresponsive to anakinra.

In conclusion, HIDS should be considered in differen-
tial diagnosis in pediatric patients presenting with recurrent 
MAS attacks. In these patients, clinicians should be vigilant 
in terms of the underlying autoinflammatory disease pheno-
type at the follow-up visits, and corticosteroids with anti-
IL-1 treatments are beneficial treatment options.
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