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1. Introduction 
Familial Mediterranean fever (FMF), an autosomal 

recessive illness, is characterized by recurrent fever and 
pain brought on by peritoneal, synovial, or pleural inflam-
mation [1]. A significant complication stemming from 
FMF includes the emergence of systemic amyloidosis, 
subsequently leading to impairment of renal function [2]. 
The disease has predominantly been documented among 
individuals hailing from the Mediterranean basin, espe-
cially among populations including Sephardic Jews, Ar-
abs, Armenians and Turks [3, 4]. The diagnosis of FMF 
has always been based on the clinical characteristics and 
exclusion of alternative causes of periodic fever, which 
highlights the need for genetic diagnostics to identify the 
patient with atypical symptom pattern [5].

The MEFV gene is responsible for encoding a protein 
comprised of 781 amino acids, referred to as Marenostrin 
or Pyrin. Optimal expression of the pyrin gene is observed 
in a range of cells, including dendritic cells, eosinophils, 
neutrophils, monocytes, and synovial fibroblasts [6, 7]. 

Pyrin has a key role in apoptosis and inflammatory pa-
thways. This entity serves as the catalyst for the assembly 
of the pyrin inflammasome complex, which plays a pivo-
tal role in the activation and release of the proinflamma-
tory cytokines IL-1β and IL-18, ultimately leading to an 
inflammatory variant of cell death, designated as pyropto-
sis [8] Mutated pyrin causes an exaggerated inflammatory 
response by uncontrolled secretion of interleukin-1 (IL-1), 
a proinflammatory cytokine interleukin that is central in 
the pathogenesis of FMF [4].
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To date, more than 300 MEFV gene sequence variants 
have so far been documented. The most common mutations 
are in exon 2 (E148Q and E148V) and exon 10 (M694V, 
M680I, V726A, and M694I).  The frequency of MEFV 
gene mutations may vary depending on race [9, 10]. 

While most reports of FMF describe autosomal reces-
sive inheritance, some have reported specific heterozygous 
mutations with dominant inheritance. According to these 
results, a single variant can impact protein expression 
levels in a way that is comparable to patients who have 
mutations impacting both alleles [11].

A wide array of clinical benchmarks, encompassing 
Tel-Hashomer, simplified Livneh, Yalcinkaya and Ozen, 
Turkish pediatric criteria, Eurofever and the collaborative 
Eurofever/Paediatric Rheumatology International Trials 
Organization (PRINTO) guidelines, have been established 
to facilitate the diagnosis of FMF and its differentiation 
from other autoinflammatory conditions. Moreover, the 
2015 recommendations from the Single Hub and Access 
Point for Pediatric Rheumatology in Europe (SHARE) ad-
vocate for the utilization of genetic testing as a supplemen-
tary tool in confirming an FMF diagnosis predicated on 
clinical manifestations, albeit it does not possess the capa-
city to conclusively negate such a diagnosis [12]. The aim 
of this study was to investigate the role of MEFV genetic 
testing in diagnosis of FMF and to characterize the most 
frequent variant alleles and their association with clinical 
symptoms among Egyptian patients sample. 

2. Materials and methods
From April 2023 to June 2023, 120 Egyptian patients 

of varying ages, were recruited from outpatient clinics of 
General Medicine and Pediatric Rheumatology, Benha 
University hospitals after signing informed consent and 
approval of the study by the Research Ethics Committee, 
Faculty of Medicine, Benha University (Rc.7.3.2023). 

The determination of the sample size was conduc-
ted through the application of Epi-info software, version 
3.1.9.2, drawing upon the findings from a preceding inves-
tigation by Fentoğlu et al. (2017), which elucidated a mu-
tation prevalence rate of 92.7% in the MEFV gene among 
patients afflicted with Familial Mediterranean Fever [13]. 
The minimum number of patients needed was 105, and 
the sample size was increased to 120 to compensate for 
possible laboratory failures. Confidence level and mar-
gin of error were adjusted at 95% and 5%, respectively. 
Every participant, exhibiting symptoms akin to FMF and 
clinically presumed to be afflicted with FMF based on the 
updated FMF diagnostic criteria, was incorporated into the 
study [14]. They were included in the research and unde-
rwent MEFV genotyping at the molecular biology unit, 
faculty of medicine, Benha University. Patients with other 
autoimmune or autoinflammatory diseases, hematological 
or solid malignancy, chronic liver, kidney or pulmonary 
diseases, or any other comorbid disorders are excluded 
from the study. Potential participants were advised about 
the nature of the research, its significance, and its potential 
advantages. All patients were subjected to:

I- Thorough history taking; demographics (sex and 
age at diagnosis), family history (consanguinity of parents, 
family history of FMF), the presence of fever, recurrent 
typical attacks of FMF (including peritonitis, pleuritis and 
arthritis). 

II- Full clinical examination.

III- The criteria delineated by Yalcinkaya and Ozen 
[14] for the establishment of FMF diagnosis necessitate 
the confirmation of a minimum of two among five speci-
fied criteria. These encompass:

•	 Fever (axillary temperature >38°C, 6-72 h of du-
ration, ≥three attacks)

•	 Abdominal pain (6-72h duration, ≥three attacks)
•	 Chest pain (6-72h duration, ≥three attacks)
•	 Oligo-arthritis (6-72h duration, ≥three attacks)
•	 Family history of FMF (Yalcinkaya et al., 2009)
Laboratory assessments, including ESR, CBC, and 

CRP, were also conducted and documented. For molecu-
lar analysis, a small sample of peripheral blood (3-5 ml 
in an EDTA vacutainer) was taken from each individual. 
The Vienna FMF Strip Assay® kit (Austria) was used 
to perform reverse dot blot Hybridization analysis on all 
samples to determine the MEFV genotyping.

2.1. Reverse dot blot Hybridization 
The procedure for Reverse dot blot Hybridization ana-

lysis entailed the following stages: (1) Amplification via 
PCR employing biotinylated primers; (2) The binding of 
the PCR amplified fragments to a testing strip that has dis-
tinct oligonucleotide probes anchored in a configuration of 
parallel lines; and (3) The identification of the biotinylated 
sequences through the application of streptavidin-alka-
line phosphatase (Conjugate) alongside color substrates. 
15 ul of PCR amplification mix, 5 ul of diluted Taq DNA 
polymerase (1U), and 5 ul of DNA template were used. 
Temperature cycling: Pre-PCR conditions were 94˚C for 
2 minutes, thermocycling (35 cycles): 94˚C for 15 sec, 58 
˚C for 30 seconds and 72 ˚C for 30 seconds, then 72 ˚C 
for 3 minutes for final extension. After that, PCR products 
were incubated (45 ˚C) in a shaking water bath with test 
strips that included immobilized allele-specific probes 
for 30 minutes to induce hybridization. After incubation, 
two rounds of washing were performed, then the conju-
gate solution was added, and the mixture was incubated 
once more for 15 minutes at room temperature. After 15 
minutes in the dark on a rocker or orbital shaker, the color 
developer was applied, and the incubation process was re-
peated. A purple staining appeared with positive reactions. 
To identify the genotype, we compared the results from 
our test strip to those from the reference strip provided by 
the manufacturer (Figure 1). The eight most frequent poly-
morphism regions of the MEFV gene were tested.

Fig. 1. FMF strip assay.
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10.7 ± 2.69, 269 ± 55.7, 30.9 ± 13.4 & 20.4 ± 20.2 respec-
tively. 

No mutation was found in 20% (24/120) of FMF pa-
tients, 10% (12/120) were homozygotes, 10% (12/120) 
compound heterozygotes and 60% (72/120) heterozygotes 
(Table 2).

In our study group, fever was associated mainly with 
homozygous, compound heterozygous mutants (100%) 
and then heterozygous mutant (88.9%) (P value 0.005). 
Abdominal pain was associated mainly with heterozygous 
mutant (88.9%) followed by wild variant (83.3%) and then 
compound heterozygous (66.7%) (P value 0.01). Arthritis 
was associated mainly with homozygous mutant (66.7%) 
and compound heterozygous (33.3%) (P value 0.002). 
Positive family history was associated with compound 
heterozygous (100%) followed by heterozygous mutant 
(83.3%) and then homozygous mutant (66.7%) (P-value 
0.001) (Table 3).

Considering allele frequency, the frequencies of the 
most common alleles were as follows: E148Q (18.75%), 
M694I (12.5%) and M680I (G/A) (10.41 %). Allele 
frequencies for V726A, M694V, and P369S were 8.33%, 
6.25%, and 6.25% respectively (Table 4 and Figure 2).

Among the most common alleles reported in our stu-
dy, E148Q, M694v and P369S were associated with early 
disease onset, being E148Q the most frequent one. While 
M694I and v726a alleles were associated with late disease 
onset (Table 5).

2.2. Statistical analysis
Data were revised, coded, and analyzed using SPSS 

package version number 20. Data were tested for normali-
ty with the Shapiro-Wilk test. Quantitative data are depic-
ted as mean values accompanied by the standard deviation 
(SD). Qualitative data were expressed as frequencies (n) 
and percentages (%). Fisher's exact test was used to test 
the association between qualitative variables. P-value ≤ 
0.05 was considered significant.

3. Results
The present study was conducted on 120 unrelated pa-

tients with FMF-like symptoms, 64 (53.3%) male patients 
and 56 (46.7%) female patients with a mean age of 22.8 ±1 
4.04 years ranging from 2 to 66 years. The clinical features 
and laboratory findings of patients with FMF are described 
in Table 1.

Family history was positive in 70 % of our cases. Fever 
was the most prevalent manifestation (83.3%) followed by 
abdominal pain (80%) then arthritis (16.7%). Mean values 
of Hg, WBCs, Platelets, ESR & CRP were 10.9 ± 0.94, 

Parameter FMF patients (n =120)
Sex

Male
Female

64 (53.3%)
56 (46.7%)

Age (years) 22.8 (2-66 years)
Family History 84 (70%)

Clinical manifestations:
Fever 100 (83.3%)

Abdominal pain 96 (80%)
Arthritis 20 (16.7%)

Laboratory findings
Hemoglobin (g/dl) 10.9 ± 0.94

WBCs (x103/ml) 10.7 ± 2.69
Platelets (x103/ml) 269 ± 55.7

ESR (mm/h) 30.9 ± 13.4
CRP (mg/dl) 20.4 ± 20.2

Table 1. Demographic data, clinical characteristics and laboratory 
findings of the studied group.

Variant Genotype Number % (within mutation) % (within total mutant cases)

Heterozygous
N=72

(75 %)

E 148Q 24 33.3 25
M680I (G/A) 20 27.8 20.8

M694I 12 16.7 12.5
P369S 8 11.1 8.3
V726 8 11.1 8.3

Compound Heterozygous complex
N=12

(12.5%)

E148Q, P369S 4 33.3 4.2
M694I, V726A 4 33.3 4.2
M694V, V726A 4 33.3 4.2

Homozygous mutant
N= 12

(12.5%)

E 148Q 4 33.3 4.2
M694I 4 33.3 4.2
M694V 4 33.3 4.2

Total 96 (%)100

Table 2. Prevalence of predominant MEFV variants in patients with FMF.

Fig. 2. MEFV variants. A: Wild type. B:  Heterozygous E148Q. C: 
Compound Heterozygous M694V&V726A. D: Heterozygous P369S. 
E: Compound Heterozygous E148Q&P369S. F: Heterozygous 
M694I.

Data are expressed as the mean ± SD for Hemoglobin, WBCs, Platelets, 
ESR, and CRP and as number (%) for all other parameters. ESR, 
erythrocyte sedimentation rate; CRP, C-reactive protein. 
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4. Discussion
Since MEFV was shown to be the mutant gene for FMF, 

genetic investigation has proven to be useful for verifying 
the occasional diagnosis given by clinical findings [10, 
15].  Subjects harboring both homozygous and compound 
heterozygous mutations, in addition to those presenting 
with singular mutations, have been discerned [16, 17].

Egyptian patients with FMF-like symptoms were in-
cluded in our study, and they were all examined for the 
MEFV gene variants M694I, V726A, M680I, E148Q, 
and M694V. This study was conducted on 120 patients: 
64 males (53.3%) and 56 females (46.7%) with mean age 
± SD is 22.8 years ± 14.04. Male to female ratio of 1.14, 

Parameter
Total
(120)

Wild
(24)

Homozygous 
mutant

(12)

Heterozygous 
mutant

(72)

Compound 
heterozygous 

mutant 
(12)

Test 
value p-value

No % No % No % No %

Fever
    Yes
    No

100
20

12
12

50
50

12
00 100

0
64
8

88.9
11.1 12

0
100
0

9.31
(FET) 0.005*

Abdominal pain
    Yes
    No 96

24
20
4

83.3
16.7

4
8

33.3
66.7

64
8

88.9
11.1

8
4

66.7
33.3

9.18
(FET) 0.01*

Arthritis 
    Yes
    No

20
100

4
20

16.7
83.3

8
4

66.7
33.3

4
68

5.6
94.4

4
8

33.3
66.7

12.8
(FET) 0.002*

Family history
    Yes
    No 84

36
4
20

16.7
83.3 8

4
66.7
33.3

60
12

83.3
16.7

12
0

100
0

19.7
(FET) 0.001**

Table 3. Association of genetic mutations with clinical manifestations and family history.

*Significant p≤ 0.05, **highly significant p≤ 0.001, FET=Fisher Exact Test.

Genotypes Allele frequency (n) Allele Frequency (%)
E148Q 36 18.75 %
M680I (G/A) 20 10.41
M694I 24 12.5 %
P369S 12 6.25%
V726 16 8.33 %
M694V 12 6.25%
Wild allele 72 37.5%
Total 192 100 %

Table 4. Distribution of MEFV genotypes and allele frequencies among cases 
with mutation.

Genotype

Age at diagnosis in years
1-15
N=24

16-30
N=44

31-45
N=20

>45
N=8

N % N % N % N %
E148Q 12 50 12 27.3 4 20 0 0

E148Q, P369S 0 0 4 9.1 0 0 0 0
M680I(G/A) 4 16.7 8 18.2 8 40. 0 0

M694I 0 0 12 27.3 0 0 4 50
M694I, v726a 0 0 0 0 0 0 4 50

M694v 4 16.7 0 0 0 0 0 0
M694V, v726a 0 0 4 9.1 0 0 0 0

P369S 4 16.7 0 0 4 20 0 0
V726A 0 0 4 9.1 4 20 0 0

Table 5. Distribution of Diagnosis Age and Prevalence of Predominant MEFV Genotypes Among Patients with 
FMF.
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which is consistent with prior research showing that males 
are more likely to be diagnosed with FMF than females 
by a factor of around 3/2 (1.5) due to the disease's lower 
penetrance in females [18, 19, 20]. However, a higher 
frequency of FMF female sex prevalence was observed in 
other studies performed on Italians and Arabs [21, 22].

In this study, family history was positive in 70 % 
which is consistent with Gursoy et al., (2023) results as 
they reported the presence of family history of the disease 
in 68.1% of their study group [23]. Although family his-
tory is an important element in FMF diagnosis criteria, 
El Gezery et al. (2010) and Yilmaz et al. (2009) reported 
presence of FMF family history in only 25.3% and 4% 
respectively [20, 24]. 

Within our patient population, fever emerged the most 
commonly observed symptom, manifesting in 83.3% of 
the patients, while abdominal pain ranked as the second 
most frequent symptom, affecting 80% of the patients, fol-
lowed by arthritis in 16.7% of the cases. This distribution 
aligns with findings by Almalky et al. (2021) and Ates et 
al. (2022), who reported fever (96.3%, 100%), abdomi-
nal pain (90.9%, 93.3%), and arthritis (75.8%) as the most 
frequent symptoms during episodes [25, 26]. However, 
this mismatches with data from Farag et al. (2020) [27], 
Lotfy et al. (2016) [28] and Tunca et al. (2005) [29] who 
found that abdominal pain was the most common followed 
by fever, chest pain, and arthritis.

Within the scope of the current investigation, eleva-
ted levels of CRP and ESR were observed among FMF 
patients amidst an acute attack, a finding that aligns with 
the research outcomes presented by Yorulmaz et al. (2019) 
[30], Dinçer et al. (2022) [31], and Ates et al. (2022) [26]. 
These studies collectively underscored that CRP and ESR 
levels were markedly increased in individuals experien-
cing an FMF acute episode in comparison to periods de-
void of attacks.

In this study, ninety-Six individuals (80%) were found 
to carry MEFV mutations that cause FMF, this is in line 
with Arpacı et al., 2021 results as they detected MEFV 
mutations in 78.7% of their study group [9]. Results of 
this study demonstrated that 72 (75%) were found to be 
heterozygous (carrying just one mutation), 12.5% were 
homozygous, and 12.5% were compound heterozygous 
(carrying many variants; variants on both alleles). 

The findings of this study are congruent with the ob-
servations made by El Roz et al. (2020) [19], which deli-
neated that a majority, precisely 63.7%, exhibited hetero-
zygosity, while a lesser proportion of 9.20% were found 
to be homozygous, and a significant 27.01% harbored 
multiple MEFV mutations, thereby being categorized as 
either compound heterozygotes (mutations present on 
both alleles) or possessing a complex allelic configuration 
(multiple mutations situated on the same chromosome). 
In stark contrast, research conducted by El Hawary et al. 
(2015) revealed a markedly lower incidence, with only 
23% of the subjects in their cohort being identified with a 
solitary heterozygous mutation [32]. 

In the patient sample under research, the most com-
mon alleles were E148Q (18.75%), followed by M694I 
(12.5%) and M680I (G/A) (10.41%). The allele frequen-
cies of M694V, P369S, and V726A were 6.25%, 8.33%, 
and 6.25%, respectively, indicating lower frequency of 
these alleles. These findings came in line with those re-
ported by El Roz et al. (2020) [19] as they found that the 

frequency of E148Q and M694I were 17.9 % and 11.8% 
respectively. Corresponding with these findings, Kırnaz et 
al., 2022 reported that the frequency of E148Q was 17.49% 
[33] and Arpacı et al. (2021) reported that the frequency 
of M694V was 6.51% in their study groups [9]. Another 
study conducted by Migita et al. (2014) [34] found that the 
frequency of P369S allele was 6.1% among FMF patients 
which was very close to our results. Of the 12 screened 
MEFV genetic variants in this study, E148Q was associa-
ted with early disease onset (12/24, 50%) which is incon-
sistent with what was previously reported by El Roz et al. 
(2020) [19] as they found that the frequency of E184Q was 
associated with delayed onset age. The relatively small 
number of patients included in the study and the require-
ment for multiple centers’ collaboration in data collecting 
were the study's limitations.

5. Conclusion
In the patient sample under research, 80% had MEFV 

genetic mutations, of which 75% were found to be hetero-
zygous, 12% were homozygous, and 12% were compound 
heterozygous. In this study, E148Q (18.75%) was the most 
prevalent allele, followed by M694I (12.5%) and M680I 
(G/A) (10.41%). The frequencies of M694V, P369S, and 
V726A alleles were found to be lower, with respective 
values of 6.25%, 8.33%, and 6.25%. In addition, the stu-
dy's findings indicate that while MEFV genetic testing is 
an important diagnostic tool, it is still not able to confirm 
the diagnosis in all patients because 20% of the patient 
sample lacked mutations. This underscores the necessity 
of screening for the presence of new mutations to further 
strengthen the usefulness of MEFV genetic testing in the 
diagnosis of FMF. Future research could further examine 
the presence of other variants that could not be detected 
by the Reverse dot blot Hybridization, using the more ad-
vanced next-generation sequencing technique. 
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