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Purpose: To determine the carrier frequency of familial Mediterranean fever (FMF) mutations of individuals in three

different US testing populations: Cystic fibrosis, Factor V Leiden, and Ashkenazi Jews. Methods: DNA samples

from 1234 anonymous samples were screened for 12 FMF mutations using a laboratory-developed test. Results:

Genotyping revealed carrier frequencies of 1:16, 1:46, and 1:8, respectively. Conclusion: MEFV mutation fre-

quency seems to correlate positively with Mediterranean influence of the tested population and the high overall

carrier rate for MEFV mutations in the Factor V Leiden testing population (1:46) suggests that the disease may be

under-diagnosed in the US population or that the mutant alleles have a low penetrance. Genet Med 2008:10(5):

349–352.

Key Words: familial mediterranean fever, MEFV, frequency

Familial Mediterranean fever (FMF) is an autosomal reces-
sive disorder (MIM 249100) mainly affecting Mediterranean
populations such as Turks, Arabs, Jews, and Armenians. Car-
rier rates in these populations can be as high as 1 in 6.1,2 FMF is
an autoinflammatory disease characterized by seemingly un-
provoked attacks of fever, abdominal or chest pain, and arthri-
tis. Prophylactic colchicine therapy is generally prescribed to
prevent amyloidosis, which can lead to kidney failure and
other organ damage.3 The disease is caused bymutations in the
MEFV gene, which encodes pyrin (or marenostrin). Pyrin is
presumed to act as a down-regulator of inflammation in poly-
morphonuclear cells.4

MEFV is located on chromosome 16 (16p13) and contains
10 exons. The Infevers database (http://fmf.igh.cnrs.fr/ISSAID/
infevers/) currently reports 51 FMF causing mutations in
MEFV. Five mutations account for 70% of the deleterious al-
leles in susceptible populations: M694V (2080A�G), V726A
(2177T�C), M680I (2040G�C or A), M694I (2082G�A),
and E148Q (442G�C).5 Four other mutations are more fre-
quent in certain populations: A744S (2230G�T) and I692del
(2074–2076del) in Arabs, R761H (2282G�A) in Armenians,
and F479L (1437C�G) in Greeks. Our assay was designed to
detect the mutations mentioned above as well as P369S
(1105C�T) and K695R (2084A�G). All sequence variants

correspond toNational Center for Biotechnology Information
reference sequence NM_000243.
There is a paucity of data regarding the frequency of FMF

mutations in the US population. Quest Diagnostics receives
samples for cystic fibrosis (CF), Factor V Leiden (FV), and
Ashkenazi Jewish (AJ)-associated mutation screening from
throughout the United States. The AJ panel includes tests for
Gaucher Disease, Tay-Sachs disease, Nieman Pick Disease,
Bloom syndrome, Canavan disease, Familial dysautonomia,
Fanconi anemia, and Mucolipidosis Type IV mutations. To
establish the carrier rate of FMF-associated mutations in these
screening populations, we examined the frequencies of the 12
mutations in deidentified samples previously submitted for
CF, FV, and AJ screening tests.

MATERIALS AND METHODS
DNA samples

A total of 1234 clinical specimens previously submitted to
our laboratory for CF (n � 445), FV (n � 459), and AJ (n �
330) screening tests were analyzed for the E148Q, P369S,
M694I, M694V, I692del, R761H, M680I (G�A and G�C),
A744S, K695R, F479L, and V726A mutations of the MEFV
gene. All samples were deidentified before analysis.

Specimens and DNA extraction

GenomicDNAwas extracted from ethylenediaminetetraacetic
acid- or acid-citrate-dextrose-anticoagulated whole-blood speci-
mensusing theGenovisionGenoMTM-96platform(Qiagen, Fos-
ter City, CA) according to the manufacturer’s instructions.

Detection of FMF mutations

A laboratory-developed test using the ABI PRISMSNaPshot
Multiplex Kit and Genotyper V3.7 by ABI (Foster City, CA)
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was used to detect the E148Q, P369S, M694I, M694V, I692del,
R761H, M680I (G�A and G�C), A744S, K695R, F479L, and
V726Amutations. Briefly, regions of exons 2, 3, 5, and 10 of the
MEFV gene were amplified by multiplex polymerase chain re-
action (PCR) and the amplicons were used as templates in
single base-pair extension (SNaPshot) reactions. Extension prod-
uctswere extendedbyone fluorescent-labeleddideoxynucleotide,
followed by fluorescent detection on an ABI 3100 Genetic Ana-
lyzer (Fig. 1).
Exons 2, 3, 5, and 10 of theMEFV gene were amplified from

genomic DNA using the following primers: 5�-GTGGGA-
CAGCTTCATCATTTTG-3� and 5�-CCTTCTCTCTGCGTT-
TGCTC-3� (exon 2), 5�-CAGGACTCCCATGAAAGGAA-3�
and 5�-GACTGCAGATGAGGCAGATG-3� (exon 3), 5�-TCT-
GCTCCCCAGAAACAAAC-3� and 5�-GGGTGTCATATGCCT-
TCCTG-3� (exon 5), 5�-TTACTGGGAGGTGGAGGTTG-3� and
5�-GAGGAGCTGTGTTCTTCCC-TC-3� (exon 10). A 2 �L ali-
quot of each sample DNA was added to 23 �L FMF PCRMas-
terMix (In-house preparation using Fast Start Taq, RocheMo-
lecular Diagnostics, Pleasanton, CA) containing 0.40 �M each
primer, 1� PCR buffer, 3 mMMgCl2, 5% dimethylsulfoxide,

and 0.4 mM dinucleotide triphosphates. PCR amplification
was performed under the following conditions: one cycle of 5
minutes at 95°C; 37 cycles of 30 seconds at 95°C, 30 seconds at
61°C, and 45 seconds at 72°C; and one cycle of 2 minutes at
72°C, followed by a 4°C hold. All PCR amplifications were
performed in an ABI 9600 thermal cycler (ABI Foster City,
CA).

Amplicon interrogation

A 2-�L aliquot of PCR product was digested with 1 U exo-
nuclease and 1 U calf alkaline intestinal phosphatase at 37°C
for 2 hours. A 3-�L aliquot of the inactivated digest was used as
a template for a SNaPshot reaction. The following is a list of the
extensionprimersusedandthemutationinterrogated:5�-TGCGGT
GCA GCC AGC CC-3� E148Q; 5�-TTTTTTTTTTTT CACGTC-
CTCCAGTGAGGCCACAAA-3� F479L; 5�-ACACTGTGGCA-
GGGGCTGGG-3� P369S; 5�-ACTGACTGACTGACTGACTGA-
CATCCATAAGCAGGAAAGGGAACA T-3� M680I; 5�-TGACT-
GACTCAGAGAATGGCTACTGGGTGGTGAT-3� I692del; 5�-
TGACTTGGACGCCTGGTACTCATTTTCCTT-3� M694I; 5�-
CTGAGA ATGGCTACTGGGTGGTGATAATG-3� M694V; 5�-
CTGGACGCCTGGTACTCA TTTTCC-3� K695R; 5�-TGACT-
GACTGACTGTGGGCATCTTCGTGGACTACAGAG-3�V726A;
5�-TGACTGACTGACTGACTGACTTGACAGCCAGATCCC-
ACA TCTATACATTC-3� A744S; and 5�-TGACTGACTGACT-
GACTCAACCTATCTTCAGCC CTGGGACAC-3� R761H. The
products (fluorescently labeled oligonucleotides) were de-
tected on an automatedDNA sequencer (e.g., ABI PRISM3100
Genetic Analyzer) both by size and by their fluorescent labels.

RESULTS

Six of the 12 FMF-associated mutations and one novel vari-
ant (A744T, 2230G�A) were detected (Tables 1 and 2; Figs. 1
and 2). Not all mutations were detected, which is probably due
to the limited representation of ethnic groups. E148Q was the

Fig. 1. SNaPshot results of a sample containing a novel variant (A744T, 2230G�A) in the
MEFV gene predicted to be benign by PolyPhen (http://genetics.bwh.harvard.edu/pph/).

Table 1
Mutation frequency data of study populations

Allele Combined frequency Mutation frequency (%) AJ samples CF samples FV Leiden samples

E148Q 1:30 51.88 1:19 1:25 1:77

V726A 1:80 19.38 1:29 1:148 1:459

K695R 1:145 10.63 1:94 1:127 1:306

A744S 1:145 10.63 1:94 1:127 1:306

P369S —a 5.63b 1:73 —a —a

M694V 1:1234 1.25 1:660 1:890 �1:918

A744T 1:2468 0.63 1:660 �1:890 �1:918

All mutant alleles 1:15 1:8 1:16 1:46

Excluding E148Q 1:32 1:14 1:42 1:115

Excluding P369S 1:16 1:9 1:16 1:46

A744T is a novel variant.
aNot tested.
bP369S was not tested for in the CF and FV Leiden samples, thus mutation frequency is likely higher.
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most commonmutation detected with in all three testing pop-
ulations (Table 1). A total of 14 individuals with two MEFV
mutations were found: two from the FV population, seven
from the CF population, and five from the AJ population.
The overall carrier frequency of all mutations was higher

than expected (1:15). The mutation frequency differed be-
tween screening groups, being lowest in the FV screening
group (1:46) and highest in the AJ group (1:8) (Table 1; Fig. 2).
The mutation frequency seemed to correlate positively with
Ashkenazi genetic influence. That is, the frequency was lowest
in the FV screening group (1:46), which is primarily Cauca-
sian; intermediate in the CF group (1:16), comprising a mix-
ture of Caucasian, AJ, and other populations; and highest in

the AJ group (1:8), which is predominantly European. Exclud-
ing the mild E148Q mutation reduced the overall carrier fre-
quency by more than half (1:32).

DISCUSSION

Minimal data are available on FMF mutation frequency in
the American population. Here, we demonstrate that muta-
tions in US AJ testing populations were detected at frequencies
similar to those reported elsewhere: 1:8 overall versus 1:5 over-
all.6 Stoffman et al.6 looked atMEFVmutations in 400 healthy
members of four different ethnic groups. The relative frequen-
cies of the mutations found in our study are concordant with
the results of Stoffman et al.6 where E148Q accounted for 53%,
V726A accounted for 16%, and P369S accounted for 7.95% of
the mutations found in Ashkenazi Jews. They observed the
M694V mutation more frequently (29%) in healthy individu-
als with amutation, whereasM694V only accounted for 1.25%
of themutations found in our AJ population. In another study,
100 unrelated patients referred toNational Institutes of Health
for possible FMF were genotyped to investigate ethnic distri-
butions ofmutations and to identify genotype–phenotype cor-
relations.7 Along with identifying several new mutations
(K695R, A744S, R761H, and E148Q), Samuels et al.7 found
V726A, M694V, and E148Q to be the most common muta-
tions. Also, a complex allele, E148Q/ V726A (in cis) was found
in four individuals. See Table 3 for a comparison of the muta-
tion frequencies for AJ populations in three studies.
Jews, Armenians, Turks, and Arabs are the four populations

most commonly affected by FMF. Although 21% of the pa-
tients with mutations in the Samuels study were Ashkenazi
Jews, it is significant to note that 19% were Italian, 2% were
Greek, and 2% were Cuban. Some of these populations might
account for the mutations found in our study of the US popu-
lation. Samuels et al.7 found the V726A (31%) mutation more
often than the E148Q (24%) mutation in his FMF AJ cohort,
whereas we found E148Q (51%) more often than V726A
(19%). Because the E148Q mutation is either not a disease
causing mutation or has low penetrance, we expected to find
E148Q in a higher proportion than Samuels et al.7 did because

Fig. 2. The frequency of the mutations detected in the three study groups, and all
groups combined, is shownhere. Each study group is represented by the shading indicated
in the legend. FV, Factor V Leiden (solid black); CF, cystic fibrosis (wavy lines); AJ,
Ashkenazi Jewish (solid gray); combined (solid white) represents all of the samples tested.
The total frequency of all the tested alleles in each group is denoted as “All mut alleles.”
“Exclude E148Q” and “Exclude P369S” represent the total frequency of all alleles tested
except E148Q and P369S, respectively.

Table 2
Individual genotypes

Total samples: 1234

Genotype

WT/WT
E148Q/
WT

E148Q/
E148Q

V726A/
WT

V726A/
E148Q

K695R/
WT

A744S/
WT

A744S/
A744S

M694V/
WT

P369S/
WT

E148Q/
P369S

M694V/
E148Q

A744T/
WT

No. samples 1088 63 7 29 2 17 15 1 1 6 3 1 1

No. from FV plates.
Total: 459

441 9 1 1 1 3 3 — — — — — —

No. from CF plates.
Total: 445

395 24 6 6 — 7 5 1 1 — — — —

No. from AJP plates.
Total: 330

252 30 — 22 1 7 7 — — 6 3 1 1

FV, Factor V Leiden; CF, cystic fibrosis; AJP, Ashkenazi Jewish panel.
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their population comprised people suspected to be affected by
FMF. In fact, Stoffman et al.6 had healthy individuals in their
study who were homozygous for E148Q. This is concordant
with our data, as we found seven homozygotes.
MEFV mutation frequency seems to correlate positively

with AJ influence of the tested population in our data in agree-
ment with Stoffman et al.6 It is possible that the high frequency
ofMEFVmutations in the CF population is due to a modifier
effect of MEFV on CF rather than a putative high rate of AJ
individuals though most individuals screened for CF are wild-
type. The high carrier rate forMEFVmutations in the FV pop-
ulation (1:46) seems to suggest that the disease may be under-
diagnosed in the US population but in fact, mutations E148Q,
K695R, and V726A are reported to have reduced pen-
etrance.8–10 Nevertheless, the AJ population in theUS can ben-
efit from FMF mutation detection since early treatment im-
proves prognosis for those with disease-causing mutations. In
our series of presumably healthy individuals, we detected 14
with two FMFmutations. Because these samples were de-iden-
tified, it is impossible to determine if any of these individuals
had symptoms.
MEFVmutations were observed in a population (FV screen-

ing) not predicted to containAJ heritage nor to derive from the
Mediterranean region. This suggests that other European eth-
nicities might have contributed FMF genotypes to this popu-
lation, perhaps Italians or other Mediterranean Europeans as
suggested by Samuels et al.7 Based on the prevalence of muta-
tions in a non-Mediterranean population, this data suggest

that screening for FMF mutations in the United States may be
warranted when there is sufficient clinical suspicion.
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Table 3
The mutation frequencies for Ashkenazi Jewish populations in three studies

Study

Mutation

E148Q V726A A744S M694V K695R P369S

Mikula et al. (this study) presumed healthy individuals 1:19 1:29 1:94 1:660 1:94 1:73

Stoffman et al.6 healthy individuals 1:13 1:50 — 1:200 — —

Stoffman et al.6 FMF patients 1:15 1:6 1:29 1:6 — 1:58

Samuels et al.7 presumed FMF patients 1:11 1:9 1:200 1:12 1:100 —
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