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ABSTRACT

Objective: The aim of this study was to review the demographic, clinical, and laboratory data of pediatric familial
Mediterranean fever (FMF) patients, and to investigate whether there is a correlation between phenotype and genotype
in this population.

Material and Methods: The medical records of 192 children (106 male and 86 female) with FMF who were followed
at Department of Rheumatology-istanbul Géztepe Training and Research Hospital, were retrospectively evaluated.
The patients were divided into four groups according to the most common mutations of M680I, M694V, and V726A
as follows: group 1: MB94V heterozygote; group 2: M694V/M694V homozygote; group 3: compound heterozygote
(MB94V/MB80I or M694V/V/726A); group 4: group with no mutation. These groups were compared to each other
according to age, gender, age at disease onset, age at diagnosis, fever, abdominal pain, arthralgia-arthritis, chest pain,
erysipelas-like erythema, disease severity score, amyloidosis and family history.

Results: The disease severity score was higher in the M694V homozygote and compound heterozygote groups than
in the group with no mutation, but there was no difference between the M694V homozygote and M694V heterozygote
groups.

Conclusion: Although the patient population was small and few mutations were detected in the present study, we
conclude that the patients that were homozygous for M694V mutations were prone to severe disease.
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OZET

Amac: Calismada “Ailevi Akdeniz Atesi (AAA)” tanisi olan ¢ocuk hastalarin demografik, klinik ve laboratuvar dzelliklerinin
incelenmesi ve ayrica gen mutasyonlarinin hastalik agirlik skorlamasi Uzerine etkisinin arastinimasi amaglanmistir.

Gerec ve Yontemler: istanbul Goztepe Egitim ve Aragtirma Hastanesi, Cocuk Romatoloji polikliniginde AAA tanisi
ile izlenen 192 cocuk hastanin (106 erkek, 86 kiz) dosyalari geriye donuik olarak incelendi. Hastalar, en sik rastlanan
mutasyonlar olan M694V, M680I ve V726A mutasyonlarnin varligina gbére ddrt gruba ayrildi: grup 1:M694V heterozigot
mutasyonu olanlar; grup 2: M694V/M694V homozigot mutasyonu olanlar; grup3: birlesik heterozigot mutasyonu olanlar
(MB94V/MB80I veya MB94V/N'726A); grup 4: mutasyonu olmayanlar. Bu gruplar yas, cinsiyet, aile dykisU, hastaligin

baslangi¢ yasl, tani yagl, ates, karin agrisi, artrit-artralji, gdgus agrisl, erizipel benzeri eritem, amiloi doz varligi ve hastalik
agrrlik skorlamasi agisindan karsilastiridi.

Bulgular: Hastalk agirlik skorlamasi M694V homozigot olan grupta ve birlesik heterozigot olan grupta mutasyon ta-
simayan gruba goére anlaml olarak daha ytksek saptandi. M694V mutasyonu homozigot ve heterozigot olan iki grup
arasinda ise hastalik agirlik skorlamasi agisindan istatistiksel anlamda fark saptanmadi.

Sonug: Galismada hasta sayisi ve ¢aligilan mutasyon sayisinin az olmasina karsin, homozigot M694V mutasyonu sap-
tanan hastalarin daha agdir hastaliga egilimli olduklart gértimektedir.

Anahtar Sézciikler: Cocuk, Ailevi Akdeniz atesi, Genotip fenotip
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INTRODUCTION

Familial Mediterranean fever (FMF) is an autosomal recessive
disease that primarily affects Turks, Jews, Armenians, Arabs,
and other ethnic groups of the Mediterranean basin, including
Greeks, ltalians, and Druze (1,2). FMF is characterized by
recurrent episodes of fever, abdominal pain, and joint pain,
and, less frequently, pleuritis, pericarditis, and rash described
as erysipelas-like erythema (3). The gene responsible for FMF,
designated as Mediterranean fever (MEFV), was identified by
positional cloning and mapped to the short arm of chromosome
16, and its product pyrin/marenostrin was reported to play a
pivotal role in the regulation of inflammation (4-7). More than
150 mutations have been described in the MEFV gene, most
of which are in exon 10 (8). Among the mutations, 4 in exon
10 and 1 in exon 2 comprise 85% of the mutations in the
geographical regions in which FMF is frequent (8).

FMF is a clinically heterogeneous disease, ranging from mild to
devastating disease (9). As evidenced by genotype-phenotype
correlations, patients carrying certain mutations are prone to
a more severe disease course (8, 10). To date, primarily two
disease severity scoring systems have been developed mainly
for adults (9, 11). We used the Pras severity scoring system
for the present study to assess disease severity in children.
The aim of the present study was to review the demographic,
clinical, and laboratory data of pediatric FMF patients, and to
investigate the effect of genetic mutations on disease severity
score and other clinical and laboratory findings.

MATERIAL and METHODS

The study included 192 FMF patients (106 males and 86
females) that were followed-up routinely at our outpatient clinic
at Goztepe Training and Research Hospital, Istanbul, Turkey.
All of the patients were diagnosed as FMF, according to Tel-
Hashomer criteria (Table I). Medical records of the patients were
investigated retrospectively for sex, age, family history, age at
disease onset and diagnosis, fever, abdominal pain, chest pain,
arthritis, erysipelas like erythema; whole blood count, serum
acute phase reactants, fibrinogen and genetic mutations

DNA analysis was performed at a local reference center. DNA
was extracted from peripheral blood lymphocytes via standard
procedures and amplified using sequence-specific primers
via PCR. Patients were screened for the three most common
mutations—M694V, M680I, and V726A.

Disease severity was calculated based on the Pras score and
patients were divided into 3 subgroups according to this score:
patients with mild disease (score between 3-5), patients with
moderatedisease (score between 6-8) and patients with severe
disease (score =9) (Table II).

The patients were classified into four groups according to the
common MEFV mutations, as follows: group 1: heterozygote
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Table I: Tel-Hashomer criteria for the clinical diagnosis of FMF.

Major criteria

1- Fever accompanied with peritonitis, pleuritis or synovitis
2- AA type amyloidosis without any predisposition

3- Favourable response to colchicine

Minor criteria

1- Relapsing attacks of fever
2- Erysipelas like erythema

3- FMF in a first degree-relative

Definitive FMF: 2 major or 1 major 2 minor criteria
Probable FMF: 1 major and 1 minor criteria

Table Il: Disease severity scoring system of Pras.

Parameter Features Score
>31 0
21-31 1
11-20 2
Age of onset (years) 6-10 3
<6 4
<1 1
Number of attacks 1-2 2
>2 3
- Acute 2
St Protracted 3
Erysipelas-like erythema 2
Amyloidosis 3
1 1
1.5 2
Colchicine dose (mg/day) 2 3
>2 4

M694V mutation (M694V/-); group 2: homozygote M694V
mutation (M694V/M694V); group 3:compound heterozygote
mutation; group 4: group with no mutation. Heterozygote
M680I and V726A mutations were small in number so they were
not included in this classification. Correlation between these
mutations, and the Pras severity score, laboratory and clinical
findings were evaluated. The study protocol was performed
according to the principles of the Declaration of Helsinki and all
patients or their parents provided informed consent.

STATISTICAL ANALYSIS

Statistical analysis was performed using Graph Pad Prisma
v.3.0 software. Data were evaluated using descriptive statistical
methods (mean +SD). Inter-group comparison was performed
via one-way analysis of variance (ANOVA), sub-group
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comparison via Tukey’s multiple comparison test, comparison
of 2 groups via the independent samples t test, and qualitative
data were compared via the chi-square test. The level of
statistical significance was set at p<0.05.

RESULTS

Demographic and Clinical Features

The study included 192 patients (106 male and 86 female) with
a mean age of 11.34+4.29 years (range: 2.6-19 years). Mean
age at disease onset was 5.34 +2.56 years and mean age at
diagnosis was 8.45 + 3.45 years (range: 2-17 years). Family
history of FMF was positive in 76 (39.2%) of the patients. The
parental consanguinity rate was 38% (n=73).

The most common clinical features during symptomatic
episodes of attack were abdominal pain (n=186 [96.87%]), fever
(n=155 [80.72%]), and joint involvement (arthritis-arthralgia)
(n=120 [62.5%]). Chest pain (n=67 [34.89%]), myalgia (n=49
[25.2%)] and erysipelas like erythema (n=30[15.6%] were also
common clinical findings. In our study, two (1%) and eight (2.8%)
of our patients had a diagnosis of protracted febrile myalgia and
Henoch-Schonlein Purpura respectively before the diagnosis
of FMF. Abdominal pain may mimic acute appendicitis and 23
(11.9%) of our patients (11.9%) had undergone appendectomy
before the diagnosis of FMF. Among the 192 patients, 69.2%
had complete response, 23.4% had a partial response, and
7.4% were unresponsive to colchicine treatment respectively.
The clinical characteristics of the patients are summarized in
Table Il

Acute Phase Reactants

The erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) level during symptomatic episodes were highest
in the homozygote group. Similarly, the serum fibrinogen levels
between episodes were higher in the homozygote group than
in the group with no-mutation. (231.89 + 50.99 mgdL-1,
versus 208.06 + 47.01 mg dL-1, p=0.002). There were no
difference between other groups in respective to fibrinogen
levels. In addition, there was no significant difference in the
serum fibrinogen level during symptomatic episodes between
the homozygote group and group with no mutation.

Genetic Features

Homozygous M694V mutation was the most common mutation
(n=62 [32.3%)]), followed by heterozygous M694V mutation (n
=38 [19.8%]), M680I homozygous mutation (n=8 [4.2%]), and
V726A homozygous mutation (n=1 [0.5%]), whereas mutation
was not detected in 54 (28.1%) patients. Other genotypic
features are summarized in Table IV.

Disease Severity Score

The Pras scoring system showed that disease severity was

mild, moderate, and severe in 18 (9%) patients, 158 (84%),
and 14 (7%) respectively. The patients were divided into four
groups according to mutations, as described in the Materials
and Methods section. There was no correlation between age
at diagnosis and mutations. Mean age at disease onset was
higher in the M694V/- and compound heterozygous groups
than in the group with no mutation. The number of patients with
arthritis and erysipelas-like erythema was significantly higher
in the M694V homozygote group than in the other mutation
groups (p=0.048 for arthritis and p=0.029 for erysipelas-like
erythema). There was no difference for fever, abdominal pain,
chest pain, arthralgia, myalgia, scrotal involvement, amyloidosis,
or proteinuria between the groups.

Table IllI: Clinical and demographic features of our patients.
192
11.34+4.29 (2.6-19)
5.34+2.56(6 months-15 years,

Patient number

Age (years+SD)

Age of disease onset

4 months)
Age of diagnosis 8,45+3,45 (2-12 years)
Girls/Boys 86/106
Fever 155 (80.72 %)

Abdominal pain 186 (96.87 %)

Joint involvement

(arthritis, arthralgia) 120 2 o)
Myalgia 49 (25.2 %)
Chest pain 67 (34.89%)
Erysipelas like erythema 30 (15.62%
Vasculitis 12 (6.25%)
Scrotal pain 12 (6.25%)
Proteinuria 29 (15.1%)
Amyloidosis 6 (2.6%)
Amyloidosis in family 20 (10.41 %)
FMF in family 76 (39.58%)
Consanguinity 73 (38.02%)
Disease severity score 7.05+2.10

Table IV: Genetic mutations of patients.

Mutation Number of patients Percentage %
M694V/M694V 62 32.3
M694V/- 38 19.8
M694V/M680I 9 4.7
M6801/M680I 8 4.2
M694V/V726A 8 4.2
V726/- 7 3.6
M680I/- 4 2.1
V726A/V726A 1 0.5
V726A/M680I 1 0.5
No mutation 54 28.10
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Mean Pras disease severity score did not differ significantly
between the homozygote M694Vgroup (7.85 + 1.95) and
heterozygote M694V group (7.04 + 2.17) (p=0.132), but was
significantly higher in the homozygote M694V group (7.85 +
1.95) and in the compound heterozygote group (7.22 + 1.48)
than in the group with no mutation (5.81+2.05) (p=0.001 and
p=0.048, respectively). Among the patients in the homozygote
M694V group, 8 (12.9%), 50 (80.64%), and 4 (6.45%) patients
had severe, moderate, and mild disease severity scores,
respectively.

DISCUSSION

In the present study the demographic and clinical features of
FMF patients were evaluated, and the effect of gene mutations
on the disease severity score and other phenotypic features
were investigated. As previously reported, there was a male
predominance (male-female ratio of 1.23:1), which is consistent
with the male-female ratio of 1.2:1 reported by the Turkish FMF
Study Group (12). DisUnsel et al. (13) reported that the mean
age at disease onset and at diagnosis was 6.8 + 3.7 years and
9.7 + 3.7 years, respectively, which is in agreement with our
findings.

The typical clinical findings of FMF vary according to society
and ethnicity. Although arthritis is the third most common
clinical finding in Jewish patients, pleuritis is more common than
arthritis in Armenians (3,14). Studies from Turkey have reported
that abdominal pain is the most common symptom, followed
by fever, arthritis, pleuritis, and erysipelas-like erythema (12,15).
In the present study, the most common clinical symptom was
peritonitis (96.9%), followed by fever (80.8%), arthritis-arthralgia
(62.5%), pleuritis (34.9%), and erysipelas-like erythema (15.6%),
which is in agreement with earlier reports from Turkey (12,15).

The incidence of clinical findings in FMF patients can also
vary according to genetic mutations. Yalginkaya et al. (15)
reported that the incidence of arthritis was 39% among
patients with homozygote M694V mutation and 47% in those
with heterozygote M694V, whereas Olgun et al. (16) more
recently reported incidences of 71% and 29.4%, respectively.
Our findings are compatible with other studies; the incidence
of arthritis was 39.4% in the homozygote M694V group
and 20.4% in the no mutation group, and the difference
was statistically significant (p=0.048). In the present study,
erysipelas-like erythema was more common in the M694V
homozygote group (81%) than in the group with no mutation
(9.3%) (p=0.029), which is in agreement with Pras et al. (17)
who reported that erysipelas-like erythema is more common in
FMF patients homozygote for M694\V.

Acute abdominal pain is the most common clinical finding in
FMF and can mimic appendicitis. Kisacik et al. (18) recently
reported establishing FMF in 7.7% of patients with negative
appendectomy. The frequency of appendectomy was reported
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as 19% by the Turkish FMF Study Group (12). Similarly, 23
patients (11.9%) in our study had undergone appendectomy
and the number of patients with appendectomy did not differ
significantly between the mutation groups (p=0.368).

Amyloidosis is the most severe complication of FMF and can
cause end-stage renal disease (19). The reported incidence of
amyloidosis varies according to ethnicity as follows: 1%-2%
among Armenians living in the US, 27% among non-Ashkenazi
Jews, 2% among Arabs, and 12.9% and 15% among Turks
(12,20,21). Amyloidosis was noted in 2% of patients in
the present study and this was lower than the percentage
previously reported from Turkey. This lower percentage may be
attributed to the small number of patients in the present study.
There was no significant difference regarding the occurrence
of amyloidosis between the groups with mutation in our study
(p=0.114), and two previous studies from Turkey reported no
association between amyloidosis and M694 homozygosity.
Some environmental and racial factors might also play a role in
the development of amyloidosis (13).

As expected, acute phase reactants were elevated during
symptomatic episodes in our study. The ESR and CRP level
during episodes were significantly higher in the homozygote
M694V group than in the other groups (p=0.002 and p=0.004,
respectively). The serum fibrinogen level was higher both during
episodes and symptom-free periods in the homozygote M694V
group, as compared to other groups (p=0.045 and p=0.02,
respectively). We argue that this might be associated with a
more severe disease course.

A severity scoring system for adult FMF patients was first
developed by Pras et al. (11) in 1997 and they reported that
the disease course was more severe in M694V homozygote
patients (11). Although the Pras scoring system was used
for children in the present study, the findings are consistent
with those reported earlier. The majority of the patients in the
present study (n=158 [84%]) had a moderate severity score,
and the mean disease severity score was significantly higher
in the M694V homozygote group and compound heterozygote
group than in the group with no mutation (p=0.001 and
p=0.048, respectively), whereas there was no significant
difference between the M694V homozygote and M694V
heterozygote groups (p=0.132). These findings might indicate
that patients with homozygote M694V mutation and compound
heterozygote mutation have a more severe disease course, as
previously reported (11,23). Nonetheless, as the Pras scoring
system is designed for adults, we are aware that there may be
some inconsistencies when it is used with children.

Ozen et al. (24) recently reported the effect of environmental
factors on disease severity in children and adolescents with
FMF. Additionally, Kalkan et al. (25) reported that a new disease
severity scoring system must be developed for children with
FMF to facilitate assessment of daily care performance or
individual patient prognosis and guide care.
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In conclusion, although the diagnosis of FMF is based on
clinical findings, molecular studies are important for detecting
disease-causing mutations. Although FMF patients with M694V
mutation are prone to more severe disease, as indicated in our
study, due to small sample size and only 3 mutations studied,
the findings must be interpreted with caution. We think that
additional research is needed to develop a disease severity
scoring system that could be used for pediatric FMF patient.
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