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Familial Mediterranean fever (FMF) is 
a well-defined autoinflammatory dis-
ease, associated with mutations in the 
MEFV gene (1). Typical presentation 
of the disease is characterised by recur-
rent attacks of fever, serositis (perito-
nitis, pleuritis, pericarditis, etc.) and 
erysipelas-like erythema (ELE). 
Over the years we have encountered 
patients from around the world whom 
we have diagnosed as having: FMF, 
atypical FMF and FMF-like disease, 
due to atypical presentations and dif-
ferent modes of inheritance. The ques-
tion raised is whether we really have 
such diverse entities and whether we 
can fix the puzzle of these various med-
ical conditions.
The first official description of FMF 
was reported in the USA by Siegal in 
1945 (2). In his monograph the clinical 
features of the disease included: “Re-
current attacks of fever sometimes with 
chills, severe abdominal pains (perito-
nitis), and chest pain due to pleuritis. 
In some cases patients had nausea and 
vomiting while diarrhoea was usually 
absent”. Siegal claimed that he did not 
see skin eruption during the attacks 
“though occasionally one could experi-
ence urticarial rash”. The onset of FMF 
was during the second or third decades 
of life and the course of the disease de-
scribed as benign.
Reimann, who reported on additional 
FMF cases from Lebanon, added the 
following features: pain in the arm, leg, 
hands and feet during attacks (which 
means joint involvement). The attacks 
frequency was regular every 17–22 days 
(3). The duration of the attacks ranged 
from 5 to 7 days and between the acute 
episodes the patient did not experience 
any symptoms. In most attacks “one 
could not find the cause but emotional 
stress (such as death of husband) re-
sulted in higher frequency of attacks”. 
During the acute event erythrocyte sedi-
mentation rate (ESR) was elevated. In 

occasional cases Reimann noticed leu-
kopenia.
It should be pointed out that both phy-
sicians Siegal and Reimann saw Mid-
dle Eastern FMF patients and yet their 
description of the disease is very dif-
ferent. This discrepancy raises a ques-
tion as to whether all the patients they 
described did have FMF or other auto-
inflammatory diseases. For example, 
regular attacks are typical in the syn-
drome of periodic fever, oral aphtho-
sis, pharyngitis and cervical adenitis 
(PFAPA) rather than FMF and attack 
duration of 5–7 days is typical in me-
valonate kinase deficiency (MKD) or 
PFAPA rather than in FMF (4, 5).

Familial Mediterranean fever in 
the Middle East
Based upon several series from the Mid-
dle East, a typical case of FMF includes 
the following features: recurrent attacks 
of fever accompanied by serositis (peri-
tonitis, pleuritis, pericarditis, synovitis) 
in one or more sites in a single attack. 
The typical skin manifestation of FMF 
is erysipelas-like erythema (no urticaria 
or maculopapular rash, as reported by 
Siegal). Disease onset is usually in ear-
ly childhood, therefore 90% of patients 
present before the age of 20 (6). The 
attack frequency is not regular (in con-
trast to the Reimann report) and in the 
Middle East it lasts between 24 to 72 
hours, and not 5 to 7 days. Since FMF 
is a prototype inflammatory disease, it 
is characterised by elevated acute phase 
reactants (C-reactive protein [CRP], 
ESR) and leucocytosis rather than leu-
kopenia. Additional features of “typi-
cal” Middle Eastern FMF are as fol-
lows: about 60% of the patients carry 
2 MEFV mutations, 30% carry a single 
mutation (heterozygotes) and in about 
10% there is no detectable mutation. 
Most common mutations in these pop-
ulations are: M694V, V726A M680I 
E148Q (1, 7-8). Over 70% of the pa-
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tients carry exon 10 mutations and most 
cases are familial rather than sporadic. 
Most patients require a relatively high 
colchicine dose to control the disease. 
The risk for amyloidosis is relatively 
high in Middle Eastern FMF patients if 
not treated. Table I compares 4 Middle 
Eastern groups of FMF patients (7-10). 
It seems that the 4 populations have 
similar FMF features with a higher fre-
quency of pleuritis among Armenians 
and higher frequency of arthritis and 
ELE among Non-Ashkenazi Jews in Is-
rael. A possible explanation for this dif-
ference is the observation from Turkey 
(7) that FMF patients carrying M694V 
tended to have more ELE and arthritis. 
It may well be that among the non-Ash-
kenazi Jews, M694V is more common 
since most of these patients are from 
North Africa where the main mutations 
carried are M694V and E148Q. 
In Europe and America, FMF patients 
who have Middle-Eastern ancestry 
generally display similar genetics and 
phenotype as those living in the Middle 
East, though their disease severity may 
be milder.  

Familial Mediterranean fever 
in Japan
Up to now, more than 600 FMF Japa-
nese patients have been described. 
What are the clinical manifestations of 
FMF in Japan?
Two large studies from this country dis-
close the following observations (11, 
12). The frequency of fever and peri-
tonitis is relatively low. On the other 
hand, the presence of headache is quite 
common. Table II compares some fea-
tures of FMF between Turkish (as a rep-
resentative of the Middle Eastern type) 
and Japanese patients. It is shown that 
among the Japanese the attack duration 
is longer (4–7 days) and the disease re-
sponds to a relatively low dose of col-
chicine. Fifty percent of Japanese FMF 
patients are on less than 0.5 mg and 84% 
on less than 1.0 mg colchicine daily.

Familial Mediterranean fever 
in Europe 
(with no Middle-Eastern origin)
The clinical manifestations of FMF 
patients with European origin include 
the following: their mean age at disease 

onset is 16.6±11.2 years, with attack 
duration of about 5 days (13). Many 
patients complain of oral aphthosis, 
erythematous pharyngitis, arthralgia, 
vomiting, abdominal pain, diarrhoea, 
conjunctivitis, headache and enlarged 
cervical lymph nodes. Laboratory test 
results show increased levels of WBC, 
ESR, and CRP. The patients usually 
experience recurrent fever >38ºC, but 
sometimes they present with rash, and 
in rare cases they do not display el-
evated acute phase reactants (APR). 
Furthermore, in some cases the patient 
does not respond to colchicine.
In a three-generation Spanish kindred, 
five affected members presented a se-
vere periodic inflammatory disorder 
segregating with the rare p.H478Y 
MEFV variant located in exon 5 (14). 
These patients had longer attack du-
ration, resistance to colchicine and 
dominant inheritance in contrast to the 
Middle Eastern type of FMF. In a fam-
ily of British descent with a colchicine-
responsive periodic fever syndrome, 
whole exome sequencing (WES) re-
vealed a c.1730C>A missense muta-
tion in exon 8 resulting in the p.T577N 
substitution (15). Their disorder was 
similar to FMF (fever, systemic inflam-
mation, response to colchicine or IL-1 
blockade) but somewhat distinct from 
it (dominant inheritance, week dura-

tion of attacks, evanescent urticaria-
like skin rash). Dominant inheritance 
of genetic variants leading to p.T577N 
was also recently observed in a Japa-
nese family with pyrin associated au-
toinflammatory disease (PAAD) (16).
Table III compares three populations of 
FMF patients emphasising the relative 
resemblance between European and 
Japanese patients, with a significant 
difference with the Turkish popula-
tion presenting Middle Eastern type of 
FMF. The main differences are related 
to the age at onset, attack duration, re-
sponse to colchicine and the presence 
or absence of headache or skin rash.

Proposed explanation for 
the different presentations
In order to explain the differences be-
tween Japanese and Europeans FMF 
patients and the Middle Eastern cases, 
we should look back to see the differ-
ences in MEFV mutations (genotype) 
spread among these various popula-
tions. Genetic analyses of Japanese 
patients disclose that only 26% carry 
exon 10 mutations (11). The main mu-
tation in this exon is M694I and none 
carry the M694V variant. Other exon 
10 mutations such as M680I or V726A, 
which are most common in the Middle 
East, are hardly seen among Japanese 
patients. Seventy-four percent of Japa-

Table I. Clinical manifestations of FMF in 4 different Middle-Eastern communities.

	 Armenians	 Turks	 Israelis	 Arabs

Ref.	 (8)	 (7)	 (9)	 (10)            
No. of patients	 100	 2838	 470	 192         
Fever %	 100	 92	 100	 100           
Peritonitis %	 96	 93	 95	 82            
Pleuritis %	 78	 31	 66	 43           
Arthritis %	 37	 45	 77	 37           
Headache %	 _	 _	 _	 _             
(Erysipelas like erythema) %	 8	 21	 47	 3  

Table II. Comparing FMF clinical features between Middle Eastern and Japanese patients.

	 Middle-East-Turkey		  Japan

Ref. 	 (7)	 (11)		  (12)
Age of onset/y	 9.6 +8.5	 19.6 ± 15.3		  23 ± 13
Male/female	 1.2	 0.84		  0.78
Attack frequency/y	 15		  12
Attack duration/D	 1-3		  4.7±7.7
Average Colch/D	 0.5-3.0	 0.84 ±0.45		  0.8 mg/day
Mutation Carrier	 90%		  86%
Response to Colchicine	 85-90%		  60-92%
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nese patients carry mutations in exons 
1 to 4 such as E148Q, P369S-R408Q 
(in Cis), L110P-E148Q (in Cis) and 
E84K. Some of them are considered as 
polymorphisms rather than real disease 
causing mutations. However, among 
those with MEFV mutations, 60% car-
ry two or more mutations (compound 
heterozygotes) and their mode of in-
heritance is recessive.
When the clinical manifestations of 
Japanese patients carrying exon 10 mu-
tations were compared with those who 
carry 1-4 exon mutations, an interest-
ing observation was made. In those 
carrying M694I, the attack duration 
was shorter (3 days), they had more 
peritonitis, pleuritis and arthritis, and 
they had a better response to colchicine 
(12). Moreover, family history for FMF 
was significantly higher among carriers 
of exon 10 mutations compared with 
those carrying other mutations.
The patients with exon 1-4 mutations 
have late disease onset, longer attack 
duration (7 days) and less favourable 
response to colchicine. Moreover, fifty 
percent of those with L110P-E148Q 
did not display fever during the acute 
attack and some did not have elevated 
CRP (11-12). It seems that there is no 
question regarding the correlations be-
tween the genotype and the phenotype 
in Japan. Patients carrying exon-10 mu-
tations resemble more the features of 
the Middle-Eastern type of FMF, while 
those with other mutations raise a ques-
tion as to their exact diagnosis. Similar 
findings were observed in Europe where 
patients carrying exon-10 mutations 
exhibit clinical features of the Middle 
Eastern pattern. Those carrying non-
exon 10 mutations display “atypical” 
manifestations and sometimes a differ-
ent mode of inheritance and therefore 
gained the names “FMF-like” or “atyp-
ical FMF”. In some of these “atypical 
FMF” patients who present with erythe-
matous pharyngitis, headache, skin rash 
and attack duration of 5 days, there may 
well be a misdiagnosis of mevalonate 
kinase deficiency (MVD) or other auto-
inflammatory diseases.
Based upon the above observations, we 
may postulate that the genotype (Exon-
10 mutations) is responsible for the 
Middle Eastern “typical” FMF pattern, 

whereas those with variant FMF pres-
entations carry non exon-10 mutations.

Additional factors affecting the 
different faces of FMF in the world
Role of country of residence
In a study by Ozen et al. it was shown 
that the offspring of Eastern Mediter-
ranean (Turkish) FMF patients who 
migrated to Europe (Germany) display 
a milder disease (17). This may reflect 
the effect of environment on the ex-
pression of a classical genetic disease 
such as FMF. However, Giese et al. did 
not find such a difference (18). 
In Armenian FMF patients living in Ar-
menia, the prevalence of amyloidosis 
is much higher than that of Armenian 
FMF patients living in the USA (8). In 
a large study conducted by Touitou et 
al. it was found that the most signifi-
cant factor dictating the development 
of amyloidosis in FMF patients was the 
country of residence (19). This obser-
vation raises a question as to the mean-
ing of country of residence; is it related 
to health care quality, diet, colchicine 
availability etc.?

Role of epigenetic and microbiota 
in the presentation of FMF
Does epigenetics have a role in FMF 
phenotype? Theoretically, epigenetic 
mechanisms such as histone modifi-
cation, methylation, and microRNAs 
may play a role in the pathogenesis 
of FMF thereby affecting its pheno-
type. As a matter of fact, Kirectepe 
et al. demonstrated a slightly higher 
methylation level of exon 2 of MEFV 
in FMF patients when compared to 
healthy controls (20). However, in an 
additional study, methylation pattern at 

the promoter region was not found to 
be different from controls (21). Thus 
we do not yet have any clear proof for 
the role of epigenetics in FMF. 
Microorganisms may affect FMF phe-
notype. It has been shown that pyrin is 
a pathogen recognition receptor (PRR) 
which may detect virulent pathogenic 
activity (22). Therefore, it is conceiv-
able that the cross-talk between the 
innate immune system and commen-
sal gut bacteria (microbiota) may also 
affect (or may be affected by) the in-
flammatory status of the patient, as 
well. Khachatryan et al. showed that 
the composition and divergence of mi-
crobiota were different during attack 
and attack-free periods as well as be-
tween FMF patients and healthy con-
trols (23). However, more studies are 
needed in order to better evaluate the 
role of microbiota in FMF phenotype.

What are the implications of the 
different faces of FMF in the world?
The different faces of FMF around the 
world have implications on the taxono-
my (naming) of this disease, its diagno-
sis, prognosis and treatment.
Regarding the implication on taxon-
omy, it seems that we cannot use the 
name FMF for all entities related to 
MEFV mutations (24). The reason for 
that is that in some cases the disease is 
not familial, or not Mediterranean and 
even seldom with fever .We propose 
that the name familial Mediterranean 
fever should be restricted to the “typi-
cal” clinical manifestation of the dis-
ease, as manifested in the Middle East. 
This classical expression is dictated 
mainly by the carriage of mutations in 
exon-10 of the MEFV gene. For the 

Table III. Comparison of the clinical features of FMF among Middle Eastern, European 
and Japanese patients.

(Ref)	 Middle-Eastern (7)	 European (13)	 Japan (11-12)

No patients	 3600	 12	 248
Fever %	 98	 100	 89
Peritonitis %	 91	 92	 62
Pleuritis %	 57	 40	 40
Arthritis %	 49	 42	 36
Skin rash (ELE)	 20	 8	 7          
Headache %	 -	 25	 12
Age of onset (D)	 9.6±8.5	 16.6± 11.2	 9.6 ± 15.3
Attack duration	 1-3	 3.0±1.9	 4.7 ± 7.7
Colchicine response	 good	 partial	 partial
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other non-classical or typical presenta-
tion we can use a general term (“roof” 
name) of pyrin-associated autoinflam-
matory disease (PAAD). The subtypes 
of this general term may also include 
exon-10 mutation associated disease 
(“typical” “classical” FMF). Patients 
with atypical FMF features who carry 
non-exon 10 mutations should remain 
with the name pyrin-associated auto-
inflammatory diseases (PAAD) instead 
of “FMF-like”. Those with specific 
clinical features will keep their names 
with suffix “-like”. For example, MEFV 
mutations presenting as chronic recur-
rent multifocal osteomyelitis should be 
named CRMO-like disease, whereas 
when MEFV mutations cause totally 
different features a new name should be 
used as the case with pyrin-associated 
autoinflammatory disease with neutro-
philic dermatosis (PAAND) (25, 26).
Regarding the implication on diagno-
sis, in a study by Migita et al. of 116 
Japanese FMF patients, 25 did not meet 
the Tel Hashomer criteria and would 
not have an FMF diagnosis (11). This 
means that Japanese patients need dif-
ferent criteria for FMF diagnosis, since 
the Tel Hashomer criteria are not appli-
cable in many. Moreover, in Japan and 
Europe, physicians have to rely more on 
genetic testing for diagnosis, whereas 
in the Middle East, in the vast majority 
of cases, the diagnosis can be made on 
clinical basis only. In European coun-
tries where the disease is relatively rare, 
there may be a delay in the time from 
disease onset to diagnosis and treatment 
(Germany) (18). Delay in diagnosis has 
also been observed in Japan (11, 12) 
Regarding the implication on treatment, 
it is found that in the Middle East, col-
chicine remained the main effective 
treatment for most cases of FMF (over 
90%). However, in Japan, the response 
is better when the patients carry exon-
10 mutations. Colchicine was effective 
in 91.8% of these patients at a relatively 
low dose (mean dose 0.89±0.45 mg/d) 
(10). In patients with exons 1-4 muta-
tions, colchicine is less effective and 
some Japanese FMF-like patients were 
treated with: prazocin, reserpine, aze-
lastine, herbal medicines and interferon 
(27). In rare cases an earlier decision for 
anti-IL-1 treatment may be required.

Conclusions
Clinical manifestations of FMF differ 
between populations (Middle-Eastern 
vs. Europeans and Japanese). These dif-
ferences may be related mainly to the 
different genetic load; typical Middle 
Eastern FMF pattern is associated with 
exon-10 mutations. Atypical features of 
FMF are associated with non-exon-10 
mutation. Still, there are differences 
between FMF patients from the same 
ethnic populations with the same geno-
type while living in different countries. 
These differences are related mainly to 
the severity of the disease rather than to 
their clinical presentation. These chang-
es allude to the possible role of epige-
netic variants, microbiome influence 
and additional environmental factors.
Based upon the above data we propose 
that the name FMF remains only for 
the specific entity commonly found in 
the Middle East and associated mainly 
with exon 10 mutations. In Japan and 
Europe those who carry non-exon-10 
mutations may present differently and 
should be named pyrin-associated au-
toinflammatory disease (PAAD) or 
FMF-like syndrome.
The MEFV gene may cause or be as-
sociated with totally different diseases 
such as: FMF, CRMO-like, pyrin-asso-
ciated autoinflammatory disease with 
neutrophilic dermatosis (PAAND), and 
more (26, 27, 28).
In Middle-Eastern patients the diagno-
sis of FMF may be based on clinical 
ground only whereas in countries where 
FMF is rare one should rely on genetic 
testing for diagnosis. Response to col-
chicine is best in typical FMF. In the 
other presentations, IL-1 agents should 
be considered earlier in the course of 
the disease. These different clinical en-
tities may lead to a delay in diagnosis 
and may affect their prognosis.
In 1997 the MEFV (MEditerranean Fe-
Ver) gene was isolated. The concept 
then was that of “one gene, one disease 
(FMF) and vice versa”. In 2019 MEFV 
is not the correct name for the gene 
since it is associated with many other 
syndromes that are totally different 
from FMF, especially in countries far 
from the Mediterranean basin. Moreo-
ver, we should remember that recently 
it was reported that mutations in the 

MVK gene may display typical features 
of “classical” FMF, suggesting that 
MEFV is probably not the only gene 
associated with the clinical presenta-
tion of FMF (29). Therefore, we can no 
longer say that MEFV and FMF repre-
sent “one gene for one disease and vice 
versa”.
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