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ABSTRACT
Background. Traditionally, the diag -
nosis of familial Mediterranean fever
(FMF) has been based on clinical man -
ifestations and the physician’s experi -
ence. Following the cloning of the gene
associated with this disease (MEFV),
genetic analysis of its mu t ations has
become available, providing a new tool
for the establishment or confirmation
of the diagnosis of FMF.
Objectives. We analyzed the results of
molecular testing for MEFV mutations
in 600 individuals. We wished to deter -
mine how many of them bore mutations
and wh at perc e n t age had cl i n i c a l ly
active FMF. We also compared the rate
of genetic confi rm ation of the FMF
d i agnosis in re fe rrals with suspected
FMF seen by ge n e ral pra c t i t i o n e rs
with that of persons sent for genetic
analysis by FMF experts.
Methods. Of 600 individuals tested for
FMF mutations, we analyzed separate -
ly 446 unrelated persons for the combi -
nation of their mutations, epidemiolog -
ical data, and clinical manifestations.
The five most common mutations in the
present cohort were analyzed using the
amplification refractory mutation sys -
tem (ARMS). 
Results. Of the 446 subjects analyzed,
249 (55%) bore mutations: 147 of these
were homozygotes or compound heter -
ozygotes, all of whom had FMF accor -
ding to clinical criteria. Of the remain -
ing 102 heterozygotes, 72 had FMF ac -
c o rding to clinical cri t e ria. Two pat i e n t s
with none of the five mutations also had
FMF. North African Jews bore mainly
mu t ations M694V and E148Q. Th e
M694I mutation was found exclusively
in Palestinian Arabs.
The rate of confirmation of FMF diag -
nosis by mutation analysis in subjects
sent by FMF experts was significantly
higher than that of persons referred by
general practitioners. Analysis of the
molecular testing of the multicase fam -

ilies (154 individuals) revealed that
141 of them bore MEFV mutations and
that 4 persons homozygous for E148Q
were asymptomatic.
C o n cl u s i o n s. Molecular analysis of
FMF mutations confirmed the diagno -
sis in about 60% of the referrals with
suspected FMF. Some (33%) of the pa -
tients we re hetero z y go t e s , and there
were also FMF patients with none of
the 5 mu t ations analy ze d. A second
opinion by an FMF ex p e rt may de -
crease the need for mutation analysis
in subjects suspected of having FMF.

Introduction
Familial Mediterranean fever (FMF) is
an autosomal recessive hereditary dis-
ease manifesting as recurrent attacks of
fever, peritonitis, pleuritis, arthritis and
less fre q u e n t ly, e ry s i p e l a s - l i ke skin
lesions (1). Several years ago the gene
associated with FMF was isolated and
four nonsense mutations were identi-
fied (2,3). Since then 24 additional mu-
t ations have been rep o rt e d, most of
wh i ch are ve ry ra re (4-8). In Isra e l ,
more than 90% of FMF patients bear
one of the 5 MEFV mutations: M694V,
V726A, E148Q, M680I or M694I (9).
In our laboratory we routinely test for
these mutations. 
Over the last 3 years we have tested
more than 600 referrals with suspected
FMF. In the present study we report our
findings from 446 tested subjects, each
of whom represents a single unrelated
family. Our goal was to analyze how
many of these individuals actually bore
FMF mutations, how many of them did
have FMF on a clinical basis, what was
the distri bution of FMF mu t at i o n s
among the tested group, and how many
of them bore two mutations, a single
mutation or none. We also tried to com-
pare the rate of genetic confirmation of
the FMF diagnosis in referrals with su-
spected FMF seen by general practi-
tioners with the rate for those referred
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for testing by physicians who run FMF
or human genetic clinics.

Patients and methods
Patients 
Our lab o rat o ry re c e ives requests fo r
genetic testing for FMF mutations from
Je rusalem and its surrounding are a .
The physicians who request the genetic
tests are usually general practitioners,
pediatricians, geneticists or physicians
who run FMF clinics. Each tested indi-
vidual provides his or her identity num-
ber, ethnic origin and the name of the
treating physician. These details allow
us to review their charts, to interview
them and to contact their physicians in
order to collect the necessary demo-
graphic and clinical data.
A clinical diagnosis of FMF was made
according to previously published cri-
teria (10), e.g., the presence of typical
manifestations such as fever and serosi-
tis and re s p o n s iveness to colch i c i n e
treatment. In patients with typical clini-
cal features, a response to colchicine
t re atment and ex a c e r b ation fo l l ow i n g
its discontinuation, a diagnosis of FMF
was made even in the absence of
MEFV mutations.

MEFV mutation analysis
The mu t ations M680I, V726A and
M694V were analyzed using the ampli-
fi c ation re f ra c t o ry mu t ation system
(ARMS) as described by us (11). Muta-
tion M694I was assayed by the same
method using, the following primers:
5’- T C G G G G G A AC G C T G G AC G C-
C T G G TAC T C AT T T T C C T G T- 3 ’
(mutant).
5’- T C G G G G G A AC G C T G G AC G C-
CTGGTACTCATTTTCCTGC-3’ (nor-
mal).
5’- T G AC AG C T G TAT C AT T G T T C T-
GGGCTCTCCG -3’ (common).
Mutation E148Q was determined after
re s t riction digestion as described by
A k s e n t i j ev i ch et al. (8). PCR condi-
tions and separation of the ARMS am-
plified products were as already des-
cribed (11).

Statistical analysis
The accuracy of referral for MEFV mu-
tations was compared between “FMF
experts” and physicians from other cli-

nics. The percentage of positive FMF
mu t ations identified in each re fe rra l
group was compared with that of the
actual number of FMF patients in this
group and the difference between the
two groups of referring physicians was
calculated by the chi-square test. A p
value of < 0.05 was considered as sig-
nificant.

Results
Of 600 individuals referred to our labo-
ratory for FMF mutation analysis, 446
unrelated subjects were analyzed sepa-
rat e ly. All we re tested for 5 MEFV
mu t at i o n s : M 6 9 4 V, E 1 4 8 Q, V 7 2 6 A ,
M680I and M694I. As expected, most
of the individuals were Jews of North
African or Middle Eastern origin and
Palestinian Arabs. Nevertheless, about
14% were either Ashkenazi Jews or the
offspring of mixed couples (Ashkenazi
and non-Ashkenazi Jews) (Table I).
Of the 446 indiv i d u a l s , o n ly 249
(55.4%) bore at least one MEFV muta-
tion (Fig. 1). The distribution of the

various mutations is presented in Table
II. More than 75% of the individuals
who bore MEFV mutations carried the
M694V variant. Of the 249 individuals
with mutation(s) in the MEFV gene,
147 (59%) were homozygotes or com-
pound heterozygotes. Of the remaining
102 hetero z y go t e s , 70% bore the
M694V mutation. One patient bore 3

Table I. Ethnic distribution of the tested
individuals.

Ethnic origin No. %

North African Jews 146 32.7

Middle Eastern countries* 115 25.7

Others (non-Ashkenazi)** 18 4.0

Ashkenazi Jews 50 11.2

Mixed origin*** 16 3.5

Palestinian Arabs 101 22.6

* Jews from Syria, Iraq, Turkey; 
** Jews from Yemen, Georgia, Iran; 
*** One Ashkenazi and one non-Ashkenazi Jew-
ish parent.

Fig. 1. A summary of the outcome of the 446 tested unrelated individuals.



mutations, two of which were on the
same allele (M694V- E 1 4 8 Q / V 7 2 6 A ) ,
and another patient had a single rare
mu t ation (R761H) (assayed by A k-
sentijevich and Kastner). Both patients
were Palestinian Arabs. 
The distribution of the different muta-
tions according to ethnic ori gin is
shown in Table III. The main findings
were the high association between the
M694V mutation and North African Je-
wish origin, the rarity of the V726A
mu t ation in this population and the
common combination of M694V with
V726A or E148Q among the Jewish
offspring of mixed origin. Equally im-

pressive is the high variability of the
mutation repertoire among Palestinian
A rabs and Midd l e - E a s t e rn Jew s , a s
c o m p a red with that present in the
North African Jews who bore mainly
the two mutations, M694V and E148Q.
Of note is the finding that the M694I
mutation was detected only among Pa-
lestinian Arabs.
As mentioned above, 197 of the tested
individuals did not bear any mutation.
After reviewing their charts, or after an
interview with the patients or their phy-
sicians, we realized that only two of
them met the criteria for diagnosis of
FMF. On the other hand, of the 249 in-
dividuals who bore MEFV mutations,
all the 147 homozygotes or compound
h e t e ro z y gotes had clinical manife s t a-
tions of FMF. Of the remaining 102 he-
terozygotes, 30 individuals were asym-
ptomatic carriers. Thus, out of all the
446 tested individuals, 221 had FMF (2
with no detected mutations and 72 he-
terozygotes) and 225 (30 heterozygotes
and 195 with none of the tested muta-
tions) did not have FMF. The ethnic di-
stribution of the individuals who did
not meet the criteria for the FMF diag-
nosis is presented in Table IV. More
than 50% of them were not North Afri-
can Jews. About 80% of the Ashkenazi
Jews tested did not have FMF, com-
pared with 30% of the suspected Pales-
tinian individuals. A re l at ive ly high
p ro p o rtion of the North A f rican in-
dividuals (60%) did not meet the crite-
ria for the diagnosis of FMF.
We also analy zed the re l at i o n s h i p
between the subspecialty of the physi-
cians who referred the individuals for

genetic testing and the rate of positive
results. General practitioners, pediatri-
cians etc. referred 276 individuals for
genetic testing, of whom 119 we re fo u n d
to have mutations (43%) and 107 of
these (38.7%) had clinical manifesta-
tions of FMF. The FMF “specialists”
re fe rred 170 individuals for ge n e t i c
testing of FMF; 130 of these expressed
MEFV mu t ations (76.4%) and 112
(65.8%) had FMF – a highly significant
difference (p < 0.0001).
Analysis of the remaining 156 individ-
uals (from the multicase families) dis-
closed the following results (Fig. 2):
141 persons (91.6%) bore MEFV mu-
tations; 83 of them were heterozygotes
and 25 (30%) of them had FMF clini-
cally; 58 were either homozygotes or
compound hetero z y gotes and 54 of
them had FMF clinically. Four indivi-
duals homozygous for the E148Q se-
quence alteration did not have clinical
FMF. None of the 13 persons with no
mutation had FMF clinically. The mu-
tation distribution in this cohort resem-
bled that of the 446 unrelated individu-
als.   
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Table III. Mutation distribution according to ethnic origin (main combinations).

Ethnic Origin M694V/ M694V/N M694V/ M694V/ V726A/N E148Q/N V726A/ M694I/
M694V V726A E148Q V726A M694I

North African Jews 38 40 4 8 - 2 - -

Middle Eastern Jews 4 20 6 10 7 4 3 -

Ashkenazi Jews  - 1 3 3 2 4 3 -

Mixed origin Jewish - - 10 2 2 - - -

Others* - 5 1 - - 1 - -

Palestinian Arabs 21 4 8 1 3 4 - 8

*Yemenites, Georgians.
N = no mutation

Table IV. Ethnic distri bution of the
“ h e a l t hy ” i n d ividuals tested for MEFV
mutations.

Ethnic origin No. of % of the whole 
cases ethnic group

North African 87 59

Middle Eastern 50 43.4

Others 15 83

Ashkenazi Jews 39 78

Palestinian 34 33.6

Table II. Distribution of mutations among
the tested individuals.

Mutation Number %

M694V/M694V 63 14.1

M694V/V726A 32 7.2

M694V/E148Q 24 5.4

M694I/M694I 8 1.8

V726A/V726A 6 1.3

V726A/M680I 4 0.9

E148Q/E148Q 2 0.4

V726A/E148Q 2 0.4

M694V/N 70 15.7

E148Q/N 15 3.4

V726A/N 14 3.1

M680I/N 3 0.07

N/N 197 44.2

A single case of the following combinations
was found: R761H/N [assayed by I. Aksentije-
vich and D.L. Kastner (8)]. M694V-
E148Q/A726V, M680I/E148Q, M694I/E148Q,
M694V/M680I, M694V/M694I.
N: normal for the 5 mutations studied.
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Discussion
In the present study we describe the
results of molecular analysis of 446 un-
related individuals suspected of having
FMF and re fe rred by ge n e ral phy s i-
cians and FMF experts. Traditionally,
the diagnosis of FMF has been based
on clinical manifestations and the phy-
sician’s experience (1, 10, 12). Follow-
ing the cloning of MEFV, the gene as-
sociated with this disease, genetic ana-
lysis of its mutations has become a use-
ful adjunct for establishing or confirm-
ing the diagnosis of FMF (11). At first,
it was believed that this new laboratory
test would enable us to solve the prob-
lem of diagnosing FMF in cases of
atypical presentation. Nevertheless, we
re a l i zed that there still remain FMF
patients in whom none of the known
MEFV mutations can be detected. On
the other hand, we have encountered
individuals homozygous for an MEFV
mutation (especially E148Q), who are
a s y m p t o m atic (some of whom we re
found in the cohort of the multicase fa-
milies) (13). Furthermore, we have en-
countered many cases where FMF pa-
tients bear only a single mutation. This
prblem is especially common among
groups with a high frequency of carri-
ers such as the currently screened po-
pulation.
The present study confirms the previ-
ously documented close correlation be-
tween the presence of the M694V mu-
t ation and North A f rican Jewish pa-
tients, the relatively low prevalence of
FMF among Ashkenazi Jews, and the
correlation of clinically active disease
with the presence of two mutations (ei-
ther homozygotes or compound hete-
rozygotes) (13-15). 
In addition, the following conclusions
can be drawn from our findings. First,
about half of the 446 individuals tested
did not have FMF according to pub-
lished criteria (10). This may suggest a
relatively high index of suspicion for
FMF by physicians in the community
who are seeking quick confirmation or
d i s p roval of their diagnosis. Second,
the frequency of heterozygotes among
the healthy individuals referred for test-
ing in the present cohort was similar to
the carrier rate in the same ethnic group
in the general poulation in Israel.

The finding that almost 60% of the test-
ed individuals of North African origin
did not bear any mutation suggests that
ethnicity served as a major factor in the
decision to look for FMF mutations. It
seems that in many of these cases a
more careful clinical assessment would
obviate the need for expensive genetic
testing. On the other hand, 2 patients
did present with clinical manifestation
of FMF without bearing any of the five
common mutations. A possible expla-
nation is that they might bear one of the
rare mutations not studied routinely in
our laboratory. This possibility is un-
likely, since the origin of both patients
was North African, a group in which
the main mu t ations are M694V and
E 1 4 8 Q, for wh i ch they we re tested.
However, the possibility of genetic he-
terogeneity in FMF cannot be ruled out
(16). 
A notable, frequently encountered situ-
ation where genetic testing is not help-
ful is the case of the heterozygous pa-
tient. These individuals may either

have FMF or be asymptomatic carriers
of the disease. In such cases, clinical
assessment is most important and if the
p atient is symptomat i c, a therap e u t i c
trial with colchicine may be required to
confirm or refute the diagnosis. In the
present study, more than 34% of the
FMF patients we re either hetero z y-
gotes or did not bear any mutation, il-
lustrating the limitation of genetic test-
ing for diagnosis of FMF. Moreover, if
we remember that the present study
summarizes results from an FMF cen-
ter located in a region with a high pre-
valence of this disease and where phy-
sicians have much experience of FMF,
it seems that molecular testing does not
add much to its diagnosis. 
Regarding the results from the analysis
of the multicase families, it is shown
(as expected) that most of them bore
MEFV mutations (Fig. 2). Eighty-three
of them (56%) were heterozygotes of
whom 30% had FMF cl i n i c a l ly. A n
interesting finding was the detection of
4 individuals homozygous for E148Q

Fig. 2. A summary of the outcome of the 154 individuals.
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with no symptoms of FMF. In the co-
hort of 446 patients, 2 individuals were
also homozygous for E148Q with obvi-
ous FMF disease, suggesting that this
sequence by itself may not be sufficient
to express the disease (13).
Two additional findings emerge from
our data. One is the high variability of
mutations among Palestinian Arab and
Middle Eastern Jewish FMF patients,
as compared with North African Jews.
This may reflect a founder effect in the
l atter population and might sugge s t
multiple sources and ori gins of the
Arab and Iraqi Jewish populations. One
may speculate about intermarriage be-
tween these populations or consider the
possibility of a common origin prior to
the Islamic period.
The second observation is the differ-
ence in the rate of confirmation of the
FMF diagnosis by mu t ation analy s i s
among individuals referred by general
practitioners versus physicians running
FMF or genetic clinics. The higher rate
among those referred by the latter sug-
gests that a second opinion by an FMF
specialist might be useful before refer-
ring an individual for expensive genetic
analysis.
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