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Abstract
Background Mevalonate kinase deficiency (MKD) and TNF receptor-associated periodic syndrome (TRAPS) 
are categorized as systemic autoinflammatory diseases (SAIDs), which are rare diseases characterized by early 
onset, severe conditions, and challenging diagnosis and treatment. Although different SAIDs have varying 
standard treatments, some SAIDs are poorly controlled after routine treatment, seriously affecting the growth and 
development of children and their quality of life. This study aims to provide more treatment strategies for SAIDs.

Case presentation We present two Chinese patients with MKD and TRAPS who were resistant to TNF- (tumor 
necrosis factor-) α blockade. After using etanercept, baricitinib, and glucocorticoid, patients with MKD and TRAPS 
still had periodic fever and rash. Due to the unavailability of IL-1 antagonists in the Chinese Mainland, we started 
administering intravenous tocilizumab (TCZ) at a dosage of 240 mg every three weeks. They had not experienced 
fever or rash after receiving one or two doses of TCZ. Before treatment with TCZ in the MKD patient, white blood 
cell (WBC) count, and TNF-α level were normal, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) 
increased significantly, and IL-6 increased slightly. After treatment with TCZ, ESR and CRP levels returned to normal; 
however, IL-6 increased occasionally. In the TRAPS patient, ESR, CRP, WBC, IL-6, and TNF-α levels were increased 
significantly. After TCZ treatment, ESR, CRP, WBC, IL-6, and TNF-α levels returned to normal. The two patients were 
treated with TCZ for more than six months and achieved clinical and serological remission. Furthermore, they had no 
adverse reactions after injection of TCZ.

Conclusion In the absence of IL-1 antagonists in mainland China, tocilizumab emerges as an alternative drug in 
SAIDs that are resistant to TNF-α blockade.
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Background
Systemic autoinflammatory diseases (SAIDs) are rare 
and severe diseases caused by gene mutations in innate 
immunity, leading to proinflammatory cytokine over-
production [1]. However, some SAIDs, such as systemic 
juvenile idiopathic arthritis (SJIA), are caused by multiple 
genes. Since Kastner first proposed the concept of SAIDs 
in 1999 [2], over 40 syndromes have been classified into 
this category [3]. SAIDs include mevalonate kinase defi-
ciency (MKD) and TNF (tumor necrosis factor) receptor-
associated periodic syndrome (TRAPS). After general 
treatment, some SAIDs remain challenging to control. 
This study aims to provide more treatment strategies for 
MKD and TRAPS.

MKD is an autosomal recessive disease caused by 
mevalonate kinase (MVK) in the cholesterol biosynthe-
sis pathway. MVK mutation leads to pyrin inflamma-
some activation and increases the IL-1β secretion [4]. 
MKD symptoms include high fever, rash, splenomegaly, 
arthralgia, and psychomotor retardation [5]. In the acute 
phase, laboratory examination of MKD patients reveals 
leukocytosis, elevated C-reactive protein (CRP), and 
erythrocyte sedimentation rate (ESR). A serum immuno-
globulin D (IgD) level greater than 100,000 U/L is consid-
ered a marker of MKD. However, 22% of MKD patients 
are reported to have normal IgD levels [6]. Moreover, 
MKD attacks can be triggered by a mild infection. Cor-
ticosteroids and anakinra are effective in reducing the 
severity of MKD. According to previous case reports, 
tocilizumab (TCZ) is also beneficial in treating MKD 
patients who are resistant to TNF-α blockade [7–14].

TRAPS is an autosomal dominant disease caused by 
heterozygous mutations in the TNF receptor superfam-
ily 1 A (TNFRSF1A) gene encoding the TNF-α receptor. 
The accumulation of misfolded TNFR1 in the cytoplasm 
activates the nuclear factor- (NF-) κB and reactive oxy-
gen species (ROS), resulting in proinflammatory cyto-
kine IL-1β and TNF-α production [15]. The disease is 
characterized by unexplained fever, skin rash, serositis, 
arthralgia, and myalgia [16]. Symptom remission can be 
achieved with short-term corticosteroids and nonsteroi-
dal anti-inflammatory drugs. Etanercept is considered an 
effective treatment option because TNF receptor abnor-
malities are linked to the pathology of TRAPS. Treating 
TRAPS with canakinumab and anakinra has resulted in 
high rates of clinical remission [17, 18]. In previous case 
reports, patients with TRAPS exhibited rapid improve-
ment in clinical symptoms after receiving TCZ treatment 
[19].

TCZ is a humanized, monoclonal antibody against 
the IL-6 receptor (IL-6R), which can bind to soluble 
IL-6R, inhibiting IL-6 signaling [20]. SAIDs patho-
genesis involves the abnormal activation of inflamma-
somes, resulting in IL-1β and IL-18 overproduction. 

Consequently, they stimulate inflammatory cytokine 
production, such as IL-6 and TNF-α [21]. Therefore, 
treatments such as TCZ have gained attention as poten-
tial treatments for SAIDs. Here, we report MKD and 
TRAPS cases that are resistant to TNF-α blockade and 
are successfully treated with TCZ. This case series can 
help expand the TCZ treatment database for MKD and 
TRAPS.

Case presentations
Patient 1
A 3-year-and-11-month-old Chinese boy presented to 
the Children’s Hospital, Zhejiang University School of 
Medicine, on December 29, 2018, because he had been 
experiencing recurring fever and rash for over two years 
(Table 1). He had recurrent fever of more than 39 °C every 
2–3 weeks, lasting 3–7 days. The erythematous macu-
lopapular rash that covered the entire body appeared at 
high temperatures and faded when the body temperature 
dropped (Fig. 1A and B). There was no family history of 
diseases such as prolonged febrile illnesses or genetic 
disorders. On admission, physical examination revealed 
cervical lymph node enlargement and splenomegaly. 
No abnormality was found in other physical examina-
tions. The laboratory indicators indicated that when the 
febrile episode flared up, CRP and ESR were significantly 
increased. Infections with Epstein–Barr virus, cyto-
megalovirus, and other viruses and tuberculosis were 
excluded. Concurrently, blood system diseases and solid 
tumors were excluded. No evidence of bacterial infection 
was found in the blood. Ultrasound suggested an enlarge-
ment of the liver, spleen, and superficial lymph nodes. 
Cardiac ultrasound did not indicate coronary artery dila-
tion. He had no immune deficiency. For more than two 
years, the patient had intermittent oral mucositis. During 
this period, he was diagnosed with sepsis and/or Kawa-
saki disease. After treatment with antibiotics, intrave-
nous immunoglobulin, and even glucocorticoids, the 
child’s clinical symptoms improved, and his inflamma-
tory biomarkers returned to normal. However, the child 
still experienced recurrent fever and rash. Finally, we 
recommended that the patient and his parents undergo 
genetic testing. In the patient, two pathogenic muta-
tions were detected in the MVK gene (NM_000431.2): 
c.442G > A, p.Ala148Thr (A148T) and c.146T > A, 
p.Val49Glu (V49E) (Fig.  1C and F). In the acute phase 
of this patient’s condition, the IgD level in serum was 
200 mg/L, and the MKD activity was 17.9 µg/L. The nor-
mal range for serum IgD is 10-40 mg/L. The normal ref-
erence value range of plasma MVK activity of Chinese 
healthy children is 96.17 ± 19.24  µg/L. Unfortunately, 
we did not measure mevalonic acid levels in urine. The 
patient was diagnosed with MKD based on his clini-
cal manifestations, laboratory examination, and genetic 
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Patient 1 Patient 2 References
Date of admission 2018/12/29 2018/8/2

Age 3Y11M 7Y10M

Gender M M

Blood routine

WBC counts (109/L) 9.68 23.34 4–12.0

PMNs (%) 64.5 86.2 50–75

Hgb (g/L) 101 93 110–155

PLT (109/L) 151 463 100–400

CRP (mg/L) 179.79 183.57 0–8

ESR (mm/h) 48 > 140 0–20

Alb(g/L) 39.1 31.1 32–52

ALT(U/L) 9 8 < 50

AST(U/L) 29 12 15–60

Serum ferritin(µg/L) 218.8 126.2 24–336

triglyceride(mmol/L) 2.15 0.67 < 1.7

LDH(U/L) 352 253 110–295

BUN(mmol/L) 2.86 2.69 1.79–6.43

Creatinine(µmol/L) 45 53 15–77

ASO 1.7 39 0-156

RF (U/ml) 3.1 2.7 0–30

Fibrinogen(g/L) 3.43 5.72 1.8-4

D-dimer(mg/L) 1.24 0.35 < 0.55

IL-2 (pg/ml) 1 1.5 1.1–9.8

IL-4(pg/ml) 1.6 2.3 0.1-3

IL-6 (pg/ml) 60.7 157.8 1.7–16.6

IL-10(pg/ml) 7.6 6.1 2.6–4.9

TNF-α(pg/ml) 1 64.9 0.1–5.2

IFN-γ(pg/ml) 35.3 1.2 1.6–17.3

IgG (g/L) 9.2 17.9 5-10.6

IgG1(g/L) 8.43 / 4.9–11.4

IgG2(g/L) 0.87 / 1.5–6.4

IgG3n (g/L) 0.17 / 0.2–1.1

IgG4n (g/L) 0.16 / 0.08–1.4

IgA (g/L) 4.81 2.45 0.34–1.38

IgM (g/L) 0.54 1 0.44–1.44

IgE (IU/mL) 103 344 < 100

C3 (g/L) 1.75 1.75 0.5–1.5

C4 (g/L) 0.48 0.38 0.1–0.4

CD 19(%) 25.5 19.6 18.5–28

CD3 (%) 68.5 70.7 56–68

CD4 (%) 41.8 44.2 29–40

CD8 (%) 20.4 22.9 19–25

CD3-CD16 + CD56+ (%) 5.9 0.4 9.0–19

CD4/CD8 2.05 1.93 1.1-2

ANA negative negative < 1:80

ANCA negative negative

EBVEA-IgM 0.01 0.06 < 1.1

EBVCA-IgM 1.63 1.39 < 40

MP-IgM 0.43 0.02 < 1.1

CP-IgM 0.01 0.06 < 1.1

Table 1 Clinical characteristics of two patients
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results. Unfortunately, IL-1 antagonists were unavailable 
in the Chinese Mainland, so we empirically treated him 
with etanercept (0.8 mg/kg, subcutaneous injection once 
a week) for five months. After treatment of etanercept, he 
still had recurrent fever, with the rare occurrence of rash. 
Then, he was given 1 mg of baricitinib a day for a month, 
which was ineffective. When the temperature could not 
be controlled, we administered glucocorticoids; however, 
they had significant side effects and could not be used for 
long. The patient experienced fever once a month that 
lasted for 7–10 days. On May 1, 2021, the patient began 
taking TCZ (Actemra, 80 mg/4 mL). There was no spe-
cific dose of tocilizumab used to treat MKD. We referred 
to TCZ doses used in treating SJIA and polyarthritis-JIA 
[22] in previous case reports on TCZ treatment of MKD. 
Finally, we injected a dose of 12 mg/kg every three weeks. 
After using TCZ, the temperature returned to normal, 
and the rash subsided gradually (Fig.  1D and E). CRP 

and ESR returned to normal after six weeks. However, 
serum IL-6 level increased occasionally (Fig. 2). At pres-
ent, the patient’s symptoms are well controlled, and his 
weight has increased physiologically. TCZ administration 
resulted in an adenovirus infection with liver function 
damage. After the treatment, the body temperature and 
liver function returned to normal. There were no severe 
adverse reactions from the use of TCZ.

Patient 2
On August 2, 2018, a 7-year-and-10-month-old Chi-
nese boy with no family history of febrile episodes was 
admitted to our department with a four-year history 
of recurrent fever (Table  1). The child had a fever once 
a month, lasting 10–14 days each time. Physical exami-
nation revealed cervical lymphadenectasis. The labora-
tory indicators indicated that WBC, CRP, ESR, IL-6, and 
TNF-α were significantly increased. The virus infections, 

Fig. 1 Skin rash and pedigrees with mutations in MVK leading to MKD. (A-B) The four limbs with an erythematous maculopapular rash before treatment. 
(D-E) The four limbs without rash after treatment of tocilizumab. (C, F) The pedigrees with mutations in MVK, which were compound heterozygous muta-
tions (p.Ala148Thr; p.Val49Glu) inherited from mother and father, respectively

 

Patient 1 Patient 2 References
TSPOT negative negative

CMV IgM / /
WBC: white blood cell; PMN: polymorphonuclear neutrophil; PLT: platelets; CRP: C reactive protein; ESR: erythrocyte sedimentation rate; Alb: albumin; ALT: alanine 
transaminase; AST: aspartate aminotransferase; LDH: lactic dehydrogenase; BUN: blood urine nitrogen; ASO: antistreptolysin; RF: rheumatoid factor; ANA: antinuclear 
antibody; ANCA: anti-neutrophil cytoplasmic antibody; EBVEA: Epstain-Barr virus early antigen; EBVCA: Epstain-Barr virus capsid antigen; MP: mycoplasma; CP: 
Chlamydia; TSPOT: T cell spot test; CMV: cytomegalovirus

Table 1 (continued) 
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tuberculosis, and tumors were excluded. No bacte-
rium was found in the blood. Ultrasound suggested the 
enlargement of superficial lymph nodes. Cardiac ultra-
sound did not indicate coronary artery dilation. He has 
been previously diagnosed with sepsis. Following antibi-
otic treatment, the child’s body temperature and inflam-
matory indicators would return. However, the child 
still had recurrent fever. In this patient, one pathogenic 
mutation was detected in the TNFRSF1A gene (NM 
0010 65; exon3): c.295T > C, p.Cys99Arg (Fig. 3A). Based 
on his clinical manifestations and the genetic results, 
he was diagnosed with TRAPS. When symptoms could 
not be controlled, he took glucocorticoids, but his par-
ents refused to use glucocorticoids for a long time. This 
patient was treated with etanercept (0.8 mg/kg, subcuta-
neous injection once a week) for three years because of 
the absence of IL-1 antagonist agents. However, recur-
rent fever occurred every three months, lasting 10 days. 
On September 27, 2021, the boy began to take TCZ 
(dose: injection of 8 mg/kg once every three weeks). After 
three weeks of using TCZ, the temperature returned to 
normal, the rash subsided, and CRP, ESR, TNF-α, WBC, 
and IL-6 levels returned to normal (Fig. 3B). No adverse 
reactions occurred.

This study was approved by the Research Ethical Com-
mittee of the Children’s Hospital, Zhejiang University 
School of Medicine (2020-IRB-028). The patient’s parents 
provided informed consent for the collection and publi-
cation of data and photos.

Literature review
Literature reviews were performed using “PubMed” and 
“Web of Science” by searching for the terms “Mevalonate 
kinase deficiency” and “TNF receptor-associated peri-
odic syndrome” and “tocilizumab”. Table 2 [7–14] and 3 
[23–26] summarize previously reported cases of using 
TCZ in treating MKD and TRAPS patients. In previous 
studies, a total of 11 MKD patients and 4 TRAPS patients 
were treated with TCZ. These patients received treat-
ment with other biological agents, but their conditions 
were not adequately controlled. After using TCZ, most 
patients achieved complete remission.

Discussion
Many studies demonstrated that MKD and TRAPS are 
multicytokine-driven diseases, with the involvement of 
proinflammatory cytokines, including IL-1, IL-6, and 
TNF-α [27]. The most used biological agents of MKD 

Fig. 2 ESR, CRP, WBC, IL-6, and TNF-α levels before and after treatment of tocilizumab in the MKD patient. Arrow A indicates the first administration of 
tocilizumab (240 mg every three weeks). After treatment of tocilizumab in the MKD patient, ESR and CRP fell to normal; however, IL-6 increased occasion-
ally. The levels of WBC and TNF-α were always in the normal range
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and TRAPS are etanercept, canakinumab, and anakinra 
[28]. The 2021 EULAR/American College of Rheumatol-
ogy guidelines recommend canakinumab as the first-line 
treatment for MKD and TRAPS [29]. However, the clini-
cal symptoms and laboratory markers of our two patients 
did not improve after using etanercept, and they suffered 
from long-term pain. Unfortunately, there are no IL-1-re-
lated biological agents in the Chinese Mainland. From 
the literature review, we discovered that TCZ treatment 
was effective in MKD and TRAPS patients who were 
treated unsuccessfully with TNF-α blockade and IL-1 
antagonists. Our two patients, MKD and TRAPS, who 
are resistant to etanercept, were treated with TCZ with 
clinical and serological remission.

Macrophages of TNFR1-mutant mice produce more 
IL-6 in response to lipopolysaccharides than wild-type 
macrophages [30]. IL-6 can trigger ROS production in 
monocytes from TRAPS patients [31]. IL-6 production 
decreases after ROS inhibition. Therefore, tocilizumab 
can interrupt the mechanism between IL-6 and ROS 
[15]. However, other studies demonstrated that cytokines 
(including TNF, IL-1, and IL-6) did not decrease after 
TCZ administration, thus suggesting that IL-6 inhibition 
may not affect TRAPS pathogenesis [23]. IL-6 is a crucial 
cytokine for plasma cell survival and may be involved in 
basophil differentiation. IgD also stimulates IL-6 release 
by prebasophil cells. The IL-6/IL-6 receptor and IgD 
pathways may be dysregulated in MKD [32]. Stimula-
tion with TLR2 and NOD2 ligands increases IL-1a, IL-1β, 
IL-6, and TNF secretion in peripheral blood mono-
nuclear cells with MKD patients. In vitro and in vivo, 
anakinra inhibit not only IL-1β (and IL-1a) but also IL-6, 
indicating a driving role for IL-1 [10]. However, some 
MKD patients do not achieve remission after anakinra 

treatment. TCZ induces remission and inhibits IL-1β 
production more than five times in some MKD patients. 
Therefore, MKD is considered to be a multicytokine dis-
ease [10]. In our study, patients with MKD occasionally 
had elevated IL-6, so we should be wary of disease recur-
rence. This increase in IL-6 levels may be related to the 
TCZ mechanism. TCZ can competitively bind to IL-6 
receptors with IL-6, resulting in an increased level of free 
IL-6 [23].

TCZ has been found to be effective in treating rheu-
matoid arthritis, JIA, adult-onset Still diseases (AOSD), 
giant cell arteritis, cytokine release syndrome associated 
with tumor-specific T cell infusion therapy, and coro-
navirus 2019 (COVID-19). TCZ was administered sub-
cutaneously or intravenously, either as monotherapy or 
in combination with disease-modifying anti-rheumatic 
drugs, which enables control of disease activity and nor-
malization of serum inflammatory markers in both sys-
temic and chronic articular forms of AOSD [33]. In a 
case-control study, TCZ treatment resulted in a signifi-
cant decrease in the prednisolone dose, ESR, leucocyte 
count, CRP, and ferritin levels, and improvement in all 
clinical manifestations. Thus, TCZ is an effective and 
well-tolerated treatment option for drug-resistant AOSD 
that contributes to glucocorticoid sparing [34].

Like other immunosuppressants, TCZ treatment 
increases the risk of infection. TCZ can cause neutrope-
nia, thrombocytopenia, elevated blood lipids, liver dys-
function, and infusion reactions. If the patient has severe 
or frequent infections, elevated liver enzymes or biliru-
bin, neutropenia, or thrombocytopenia, the TCZ dose is 
recommended to be reduced by 50% [35]. Dose adjust-
ment may need to be individualized, and the TCZ dose 
may need to be increased as treatment time is extended. 

Fig. 3 (A) The mutation in the TNFRSF1A gene (NM 0010 65; exon3): c.295T > C, p.Cys99Arg, which was a spontaneous mutation. (B) ESR, CRP, WBC, IL-6, 
and TNF-α levels before and after treatment of tocilizumab. Arrow B indicates the first administration of tocilizumab (240 mg every three weeks). After 
treatment of tocilizumab, ESR, CRP, WBC, IL-6, and TNF-α return to normal in the TRAPS patient
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case 1 2 3 4 5 6 7 8 9 10 11
Ancestry Faroe 

Islands
ND ND ND N. European N. European North 

African
Northern 
European

South 
Asian

European Euro-
pean

Age 12 Y 36 Y 13 Y ND 28Y 24Y 33Y 25Y ND 18Y 43Y

Gender F F F ND M M M F M ND M

Onset of 
symptoms

3 months 23 Y infancy ND < 1Y < 1Y 1y < 1Y ND 4Y 2Y

Gene 
mutation

p. V377I/
c.417insC

p. V377I/
c.417insC

p.V377l 
and 
p.H380R

p.V377I/
I268T

ND ND p.N205D 
and 
p.G336S

p.I268T/
V377I

p.S52N/
D386N

p.V377I/
I268T

p.V377I/
L234P

Clinical 
phenotype

recurrent 
episodes 
of fever, 
pallor, 
fatigue, 
lymph-
ade-
nopathy, 
abdomi-
nal pain, 
oral ul-
ceration, 
arthral-
gia/my-
algia of 
the lower 
limbs

episodic 
fever, 
abdomi-
nal pain, 
lymph-
ade-
nopathy, 
hepato-
spleno-
megaly

fever, 
head-
ache, 
mouth 
ulcers, 
arthral-
gia, 
abdomi-
nal pain, 
cervical 
lymph-
adenop-
athy

ND ND ND fever, 
abdomi-
nal pain, 
vomit-
ing, 
otitis, 
odyno-
phagia 
episodes, 
protein-
uria, AA 
amyloi-
dosis

fever, lymph-
adenopathy, 
gastrointes-
tinal distur-
bance, rash, 
joint pain, 
sore throat

ND ND ND

serum IgD 
level

ND 750 kU/L 198,000 
U/L

ND ND ND ND ND ND ND ND

MK activity ND 0 pmol/
min/mg

ND ND ND ND ND ND ND ND ND

urine meva-
lonic acid/
creatinine 
ratio

ND 3.0 
mmol/
moL

ND ND ND ND ND ND ND ND ND

Treatment 
prior to TCZ

Etan-
ercept, 
anakinra

NSAIDs, 
simv-
astatin, 
anakinra

colchi-
cine, 
cortico-
steroids, 
etan-
ercept, 
anakinra

anakinra NSAIDs, 
anakinra, 
etanercept

NSAIDs, 
anakinra

Colchi-
cine

IL-1 
blockade, 
etanercept

anakinra anakinra, 
etanercept

anakin-
ra, etan-
ercept

TCZ dose 
(mg/kg) 
and route of 
administration

8 IV 8 IV 8 IV, 4 IV, 
7 IV

8 IV 8 IV 8 IV ND ND ND ND ND

Frequency of 
administra-
tion (weeks)

2 4 4 4 4 4 ND ND ND ND ND

Duration of 
treatment 
(months)

> 24 
months

5 years 20 
months

5 
months

24 months 13 months ND ND ND ND ND

Adverse 
events

NO ND recur-
rent 
upper 
respira-
tory 
tract 
infec-
tions 
(URTIs)

ND ND ND ND ND ND ND ND

Table 2 Summary the treatment of tocilizumab for MKD
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In our two patients, there were no adverse reactions after 
administering TCZ. However, recent data reveal that ESR 
and CRP of MKD patients have an upward trend. If the 
disease relapses, it may be necessary to increase the dose 
of tocilizumab and/or reduce administration time. How-
ever, current literature on the role of TCZ in TRAPS and 
MKD is limited. Therefore, we still need to be cautious 
when using TCZ to treat MKD and TRAPS.

Conclusion
In this case series, we report the use of TCZ in treating 
an MKD patient and a TRAPS patient. TCZ may be an 
option for treating rare monogenic SAIDs. Further stud-
ies are warranted to determine the optimal dosage of 
TCZ. Longer follow-up is required to evaluate the long-
term safety and efficacy of TCZ in treating MKD and 
TRAPS.

case 1 2 3 4 5 6 7 8 9 10 11
Outcome 
Clinical

CR PR CR(CR at 
dose of 
8 mg/
kg but 
due to 
adverse 
events 
dose 
reduced, 
ulti-
mately 
with 
stable 
clinical 
and se-
rological 
status 
on 
7 mg/
kg IV 
every 4 
weeks)

CR CR CR CR CR PR CR PR

Reference Rafiq et 
al.(2018) 
[7]

Mus-
ters et 
al.(2015) 
[8]

Shendi 
et 
al.(2014) 
[9]

Stof-
fels et 
al.(2015) 
[10]

Lane et 
al.(2015) [11]

Lane et 
al.(2015) [11]

Ro-
drigues 
et 
al.(2020) 
[12]

Lane et 
al.(2013) [13]

Lane et 
al.(2013) 
[13]

ter Haar et 
al.(2016) [14]

ter 
Haar et 
al.(2016) 
[14]

F, female;Het, heterozygous; M, male;ND, not described;Y, years. CR: complete response; PR: partial response; TCZ: tocilizumab

Table 2 (continued) 
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Abbreviations
MKD  Mevalonate kinase deficiency
TRAPS  TNF receptor-associated periodic syndrome
SAIDs  systemic autoinflammatory diseases
TNFRSF1A  TNF receptor superfamily 1 A
NSAIDs  Nonsteroidal anti-inflammatory drugs
AOSD  Adult-onset Still’s diseases
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