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Abstract

Autoinflammatory diseases are characterized by fever attacks of varying durations, associated with variety of symptoms
including abdominal pain, lymphadenopathy, polyserositis, arthritis, etc. Despite the diversity of the clinical presentation,
there are some common features that make the differential diagnosis of the autoinflammatory diseases challenging. Familial
Mediterranean fever (FMF) is the most commonly seen autoinflammatory conditions, followed by syndrome associated with
periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA). In this review, we aim to evaluate disease charac-
teristics that make a diagnosis of FMF and PFAPA challenging, especially in a regions endemic for FMF. The ethnicity of
patient, the regularity of the disease attacks, and the involvement of the upper respiratory systems and symphonies could
be helpful in differential diagnosis. Current data from the literature suggest the use of biological agents as an alternative
for patients with FMF and PFAPA who are non-responder classic treatment options. More controlled studies are needed to

evaluate the efficacy and safety of this strategy.
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Introduction

Term of autoinflammation covers disorders associated with
the unprovoked hyperactivity of the innate immune system
leading to excessive inflammation, without confirmed influ-
ence of adaptive immune system mechanisms. Autoinflam-
matory conditions are characterized by fever attacks of vary-
ing duration, associated with variety of symptoms including
abdominal pain, lymphadenopathy, polyserositis, arthritis,
etc. [1]. Despite the diversity of the clinical presentation,
there are some common features that make the differential
diagnosis challenging (Fig. 1).

The marked improvement in understanding the nature
of the autoinflammation has been registered after discov-
ery of genes responsible for the different autoinflammatory
conditions. Furthermore, identification of the underlying
pathologic mechanisms and the role of interleukin-1 (IL-1)
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production resulted with successful treatment of these dis-
eases [3].

Familial Mediterranean fever (FMF) is the most com-
monly seen autoinflammatory conditions in Turkey, followed
by syndrome associated with periodic fever, aphthous stoma-
titis, pharyngitis, and adenitis (PFAPA). Despite the differ-
ent origin of these two separated conditions, recent studies
suggest that there are many common features [1, 2].

In this review, we aim to evaluate disease characteris-
tics that make a diagnosis of FMF and PFAPA challenging,
especially in a regions endemic for FMF. It is important
to add that the expanding spectrum of autoinflammatory
conditions, including hyper IgD syndrome (HIDS), tumor
necrosis factor (TNF)-receptor-associated periodic syn-
drome (TRAPS), etc., should be considered in differential
diagnosis of PFAPA and FMF. The main disease features
and differences are presented in Table 1.
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Fig. 1 Diagnostic algorithm in children with recurrent fevers

Table 1 Periodic fever, adenitis, pharyngitis, and aphthous stomatitis
syndrome versus familial Mediterranean fever: main disease features

Disease feature PFAPA FMF
syndrome

Regularity of the disease episodes + -
Fever + +
Cervical lymphadenopathy ++ -
Pharyngitis ++ -
Aphthous stomatitis + -
Abdominal pain +/- ++
Pleurisy - +
Arthritis - +
Erysipelas like erythema - ++
Response to single dose of glucocorticoids ++ +/—
Response to colchicine +/— ++
Response to anti IL-1 agent +/— ++
MEFYV gene mutation - +
Family history +/- +

IL-1 interleukin 1, FMF familial Mediterranean fever, PFAPA peri-
odic fever, adenitis, pharyngitis, and aphthous stomatitis

++ severe clinical presentation

Methods
Search strategy
A systematic literature searches for the review have been

performed to optimize the relevance and the impact of this
manuscript. Therefore, an electronic of the most frequently
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used medical databases (PubMed/MEDLINE, Web of Sci-
ence, and SCOPUS) for peer-reviewed studies published
in the English language during the last 6 years has been
provided. We searched studies for the following words:
childhood familial Mediterranean fever, FMF, periodic
fever, aphthous stomatitis, pharyngitis, adenitis syndrome,
PFAPA, Marshall’s syndrome, autoinflammatory disease,
MEFYV, and colchicine. Consequently, papers published
from January 2012 to January 2018 were primarily chosen;
with a note that main reports published before the men-
tioned period of time have been included, as well.

The preparation of this manuscript was generated in
accordance with the recommendations from the previously
published review for writing a narrative biomedical paper

[4].
Eligibility criteria

All observational studies, clinical trials, and reviews on the
childhood FMF and PFAPA syndrome, published in English
in peer-reviewed journals during the last 5 years, were con-
sidered for inclusion. No limitations were made regarding
the results, findings, and clinical outcome.

Selection of studies

Selected papers were further screened for eligibility by the
first author (AA), based on title, abstracts, and key words.
After full-text retrieval, the senior author (OK) reviewed
included papers to confirm compliance with study inclusion
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criteria. All the four authors finally made a consensus on the
eligibility of the finally selected papers.

Familial Mediterranean fever (FMF)

Familial Mediterranean fever is the most common mono-
genic autoinflammatory disease, presenting with recurrent,
self-limiting attacks of polyserositis and arthritis [5, 6]. It
is generally seen among subjects with Turkish, Armenian,
Arabic, and Jewish origin. Clinical manifestations develop
secondary to autosomal recessive mutations in the Mediter-
ranean fever (MEFV) gene [7]. Since the disease symptoms
usually emerge early in childhood, nearly 90% of the patients
experience their first disease attack prior to 20 years of age

[5].
Pathophysiology

The pathophysiology of the FMF is still unclear. In gen-
eral, mutations in the gene encoding proinflammatory
protein called pyrin (MEFV) represent the main cause of
FMEF. However, the physiological function of pyrin remains
unknown, despite many studies investigating its role in the
innate and adaptive immunity. Xu et al. [8] show that pyrin
mediates caspase 1 inflammasome activation secondary to
Rho-glucosylation activity of cytotoxin TcdB. Thus, pyrin
is responsible for modification and inactivation of Rho
GTPases, opening a new horizon in human innate immunity.
Similarly, Park et al. [9] found that mutations in the
genes encoding pyrin and mevalonate kinase (MVK) cause
interleukin-1p (IL-1p)-mediated autoinflammatory condi-
tions, such as FMF and HIDS. They found that RhoA acti-
vated the serine-threonine kinases (PKN1 and PKN2) that
bind and phosphorylate pyrin. Phosphorylated pyrin bound
to regulatory proteins that blocked the pyrin inflammasome.
Their findings suggest an important association between
those two seemingly autoinflammatory conditions [9].

Genetics

The responsible gene (MEFV) is located on 16p13, encod-
ing the proinflammatory protein called pyrin. As previously
mentioned, pyrin is involved in the activation of caspase-1
and releasing of active IL-1, as a part of the inflammasome
complex. Consequently, mutated pyrin enhances the IL-1f
overexpression and inflammation [5-7]. Approximately 175
pathogenic mutations have been registered so far (mostly
in exon 10) with four of them blamed for majority of dis-
eases (M694V, M680I, M6941, V726A) [3]. In studies
from Turkey, the most common MEFV mutation patterns
were M694V homozygosity (21.8%) and heterozygosity
(19.2%), followed by M694V/M680I (7.2%) compound

heterozygosity [5, 7]. Patients homozygous for M694V are
shown to be at greater risk for severe clinical course and for
development of systemic AA amyloidosis, while the E148Q
was not associated with significant clinical symptoms [3, 5].

Diagnosis

The disease is most prevalent among eastern Mediterranean
populations, predominantly affecting the Turks, Armenians,
Arabs, and non-Ashkenazi Jewish populations [1-3].

According to the Turkish pediatric FMF criteria, the pres-
ence of >2 following in a patient is accepted as diagnostic
criteria for FMF.

> 3 attacks with fever lasting for 672 h, abdominal pain,
oligoarthritis, chest pain, and positive family history [10].
The oligoarthritis of the FMF is acute arthritis of the lower
extremities. Arthritis lasting more than 6 weeks in a patient
with confirmed FMF is accepted as chronic arthritis.

Clinical presentation

Up to date, data on pediatric FMF, including relationship
between MEFV gene mutation and clinical manifestations,
treatment modalities, and efficacy and disease outcome are
spare. Our group has recently reported the largest pediatric
FMF cohort from the single center [5].

Fever associated with abdominal pain is the most fre-
quently reported complaint by the FMF patients. Arthritis
is the second commonly seen manifestation, seen in 288/708
(40.7%) pediatric FMF cases reported by Barut et al. [5].
Interestingly, in the mentioned study, 39/708 (5.5%) subjects
had recurrent attacks of arthritis, without fever and signs
of serositis. The FMF arthritis is the acute arthritis of large
joints of the lower extremities, healing without sequelae.
Among the large joints, the knee is the most common, while
the shoulder girdle is the least frequently affected joint.
However, the chronic arthritis is not rare in FMF. Except
for symptoms resembling chronic idiopathic arthritis, signs
of juvenile spondyloarthropathies could be seen, as well [5,
11]. The previous studies reported the coexistence of FMF
and vasculitis [IgA vasculitis; polyarteritis nodosa (PAN)]
[12, 13]. Alterations in the MEFV gene were found to be
important susceptibility factors for the development of IgA
vasculitis. In addition, mutations in MEFV gene provided
a basis for the development of PAN both by forming a
proinflammatory state and by possibly giving exaggerated
response to streptococcal infections.

Since the autoinflammation represents the basic mecha-
nism of the disease, the main aim of treatment is to take
an inflammation under control. Uncontrolled, prolonged
inflammation in FMF patients can lead to devastating com-
plications, namely amyloidosis. Fortunately, the frequency
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of FMF-related amyloidosis is quite low (0.2—-1.5%), accord-
ing to the data from recent studies [3, 5].

Laboratory findings

The elevation of the acute phase markers [erythrocyte sedi-
mentation rate and C-reactive protein (CRP)], leukocytosis,
thrombocytosis, and anemia could be seen during the dis-
ease attack. Patients with continuous elevation of the acute
phase markers during the attack-free period are considered
to have the subclinical inflammation. In a study by Korkmaz
et al. [14], CRP was the only acute phase protein that was
increased during all attacks. Interestingly, neither thrombo-
cytosis nor an increase in ferritin levels was noted in any
attack. Serum albumin levels remained unchanged, as well.
Proteinuria has been reported in 1.4% of pediatric FMF
patients. Patients with M694V mutation of the MEFV gene
have been shown to be more prone to have anemia, throm-
bocytosis, and proteinuria. Fortunately, the percentage of
amyloidosis is extremely rare in pediatric population [5].

Treatment

Colchicine represents the main treatment option, decreas-
ing the attack frequency and preventing the amyloidosis.
Moreover, it has been proven that long-term usage of col-
chicine prevents the development of severe complications
due to systemic amyloidosis [5, 15—17]. The recommended
dose of colchicine is 1.2 mg/m*day, depending on the age
of patient: 0.5, 1 mg/day for children <5; 1 mg/day for chil-
dren between 5 and 10 years and 1.5 mg/day for children
older than 10 [15]. The maximum tolerable colchicine dose
is reserved for colchicine-resistant FMF patients: 1.5 mg/
day between 5 and 10 years and 2 mg/day for those older
than 10. Colchicine resistance is defined as recurrence of
disease attacks at least one per month, for 3 consecutive
months (despite the adequate colchicine dose and good
compliance) [15]. Anti-interleukin 1 agents are shown to
be effective in decreasing attack frequency and severity in
colchicine-resistant FMF cases [5, 15, 16]. In our previous
study, the colchicine resistance has been reported in 6.6%
cases [5]. In a study by Ozcakar et al. [18], 15/330 (4.5%)
childhood-onset FMF patients were treated with anti IL-1
agent: 8 with colchicine resistance and 7 with FMF-related
amyloidosis. Ozen et al. [19] proposed FMF 50 outcome
criteria that define response to treatment in FMF patients.
The items of this FMF50 included: frequency and duration
of disease attacks, frequency of arthritis attacks, patients/
parents’/physicians’ global assessment of disease severity,
C-reactive protein, erythrocyte sedimentation rate, or serum
amyloid A level. Authors reported the FMF 50 to be user-
friendly measurement tool, useful especially for clinical
trials. Recently published multicentric study showed that
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canakinumab was effective in controlling and preventing
flares in patients with colchicine-resistant FMF, mevalonate
kinase deficiency, and TRAPS [20].

Prognosis

Regular treatment with optimal colchicine doses and appro-
priate drug compliance leads to favorable clinical course
[5, 18]. Although quite rare, amyloidosis remains the most
devastating disease complication. Barut et al. [5] reported
the amyloidosis only in 2/708 (0.28%) of childhood FMF
patients. In another study from Turkey, the frequency of
amyloidosis has been reported as 6/330 (1.81%), which is
still quite low [18]. Especially, the M694V homozygosity
has shown to be associated with increased risk for amyloi-
dosis [3, 5, 18].

Periodic fever, aphthous stomatitis,
pharyngitis, and adenitis (PFAPA) syndrome

Periodic fever, aphthous stomatitis, pharyngitis, and adenitis
syndrome is the most common periodic fever of childhood
worldwide. PFAPA includes many challenges for the clini-
cians, due to difficulty in early establishing the diagnosis,
the lack of reliable diagnostic test, and/or biomarkers that
would be helpful in distinguishing the PFAPA from other
conditions with similar symptoms [21].

Although considered to be specifically limited to pediatric
age, an increasing number of reports suggest that PFAPA
syndrome can also affect adults [22-24].

Pathophysiology

The exact pathogenesis of the disease is still unknown. The
occurrence of symptoms in young children, its periodic-
ity, and presence of cryptic tonsillitis like features bring
to mind infections as a main etiologic factor. However, the
regularity of PFAPA attacks and its prompt responsiveness
to corticosteroids suggest the immune dysregulation as a
potential basic mechanism of this disorder [21, 25]. Stojanov
et al. [26] showed that complement, IL-1-related, and IFN-
induced genes were significantly overexpressed, while the
T-cell-associated transcripts were down-regulated during
the PFAPA attacks. The investigation by Kolly et al. [27]
showed elevation in peripheral blood of proinflammatory
cytokines, which activates IL-1f that plays a role in the
clinical presentation of the disease. The increase in IL-1
level during PFAPA flares reported in mentioned opens new
horizons in PFAPA treatment.
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Genetics

Many studies have been provided, but no single genetic vari-
ant has been shown to date to be relevant to the etiology of
PFAPA. However, a significant number of patients have a
history of recurrent tonsillitis and/or tonsillectomy among
parents and first-degree relatives. Those data suggest the
potential genetic basis of disease, with potential epigenetic
factors modifying the disease phenotype.

Our group has previously reported the MEFV as a fac-
tor that potentially influences the presentation of PFAPA.
Patients with underling MEFV gene mutation (especially
exon 10 mutation) seem to have more severe clinical course
and poorer response to treatment [2]. Yamagami et al.
described recently an adult case of PFAPA with P369S/
R408Q exon3 variant in MEFV [28]. However, in several
studies, it was shown that the presence of MEFV mutations
in PFAPA patients had a favorable effect on disease pheno-
type [29-31]. Those findings open new questions that need
to be answered in further clinical studies.

Clinical presentation

The PFAPA is a condition generally seen among young
children, <5 years of age. It is characterized by the recur-
rent episodes of fever, accompanied with different features
including aphthous stomatitis, pharyngitis, and adenitis. The
onset of fever is abrupt, with a sudden cessation 3 or 4 days
later [21]. Fever is generally as high as > 39 °C, resistant to
antibiotics and antipyretics. Interestingly, the general condi-
tion of the patient is good, despite the high fever and other
disease features. There is no prodromal stage of the disease
attack. The disease is seen in “generally healthy” patients
with mental and motor development appropriate for the
patients’ age. Patients are completely healthy between the
attacks. Attacks show no seasonal differences and could be
seen at any time of the year. These features reduce the pos-
sibility of the infectious etiology of the disease.

Fever responds rapidly to the corticosteroid treatment,
decreasing and remaining in the normal level until the next
disease attack. Findings in the oral cavity are typical those
of aphthous stomatitis, sometimes complicated with the
oral candidiasis and infectious gingivostomatitis. Tonsils
are generally enlarged with the findings of cryptic tonsillitis
(Fig. 1). Signs of pharyngitis could be seen, as well. The
throat culture and the streptococcus quick test remain nega-
tive. Tonsillo-pharyngitis shows no response to antibiotic
treatment but disappears promptly after the corticosteroids
are induced. Lymphadenopathy, predominantly cervical,
is a common clinical finding. The abdominal pain due to
abdominal lymphadenopathy could be rarely seen. Rash and
other skin findings are not expected among PFAPA patients.

Myalgia could be present in some of cases but never accom-
panied by the signs of arthritis [21, 25].

The main characteristic of the episodes is their regularity.
Despite the almost unique of clinical presentation, gentle
differences between patients suggest the influence of the
epigenetic and environmental factors on the clinical course.
In regions with high frequency of MEFV mutations, such as
our country, clinical presentation of PFAPA could be more
severe due to previously induced inflammatory pathway. A
study by Batu et al. [32] underlines the differences between
PFAPA patients from the Turkish and the US cohorts regard-
ing the clinical features.

Laboratory findings

There is a lack of single diagnostic test that could simplify
the diagnosis of PFAPA. Typically, the acute phase reac-
tants are elevated during the disease episodes and normal
between episodes. During the attack-free period, there is no
possibility to distinct the patients from the healthy control.
However, the exclusion of cyclic neutropenia and similar
signs of immunodeficiency (e.g., lymphopenia) is of high
importance [21, 25].

Diagnosis

Diagnostic criteria for PFAPA differ with a lack of unique
consensus on PFAPA diagnosis. There is few set of criteria,
all of them based on the main clinical features. Criteria pro-
posed by the Marshall et al. [33] are still widely in use. The
additionally sets of criteria are sporadically used, depending
on the clinical experience and the choice of the practitioners
[34-36].

Based on the comparison of clinical features of different
periodic fevers and PFAPA, which was used as a negative
control, the evidence-based classification criteria for inher-
ited periodic fevers were recently proposed [37]. Hyper
IgD syndrome could be misdiagnosed as PFAPA, due to
some common disease features. Recurrent attacks of fever,
tonsillopharyngsitis, and lymphadenitis that persist after the
tonsillectomy indicate possible diagnosis of HIDS.

Treatment

Episodes dramatically resolve with corticosteroids, given
even in a single dose of 1 mg/kg [21]. However, the antin-
flammatory treatment does not represent the permanent
solution, since the disease attacks recur. The tonsillectomy
remains the option that leads to the cessation of the dis-
ease attacks, in general. It is important to mention that some
PFAPA patients continue to experience the periodic fever
attacks despite the surgical treatment (namely tonsillec-
tomy) [2, 25, 38]. Some data from the literature suggest the
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potentially underlying MEFV mutation in PFAPA patients
unresponsive to tonsillectomy [2]. There are some evidences
of colchicine efficiency in PFAPA patients, especially those
with underlying of MEFV mutation [2, 38—40]. The increase
in IL-1 during PFAPA flares demonstrated in previously
mentioned studies suggests a possible role of IL-1 inhibition
in PFAPA treatment [26, 27]. Stojanov et al. [26] treated five
PFAPA patients with a recombinant IL-1 receptor antagonist
and all of them showed excellent clinical response.

Prognosis

A PFAPA syndrome is a commonly seen autoinflamma-
tory disease, characterized with benign clinical course and
favorable prognosis. Disease symptoms disappear sponta-
neously until the 7-8 years of age. The tonsillectomy rep-
resents the cure, especially for patients with frequent dis-
ease attacks that influence the quality of life. Rarely, the
disease attacks persist during the adolescence and adulthood.
According to data from the literature, the underlying FMF
and other autoinflammatory conditions should be consid-
ered in PFAPA patients unresponsive to standard treatment
options [2, 3, 21, 37, 38].

FMF and PFAPA: common features and main
distinctions

Although FMF and PFAPA represent two separate con-
ditions, there are some noteworthy confusing points that
make the differentially diagnosis challenging. The episodes
of the FMF attacks appear in irregular cycles, while the
PFAPA episodes show regularity. Both of patients (FMF
and PFAPA) are completely healthy between the episodes.
The subacute disease state of the FMF is exception, due to
poor general condition and fatigue of patients even during
the attack-free period.

The abdominal pain accompanied with fever is the main
stone of the clinical presentation of FMF [2, 5]. Abdominal
pain could be seen during the PFAPA attacks, but its sever-
ity never reaches the level of acute peritonitis [2, 5, 21].
Lymphadenitis of the mesenteric lymph nodes is considered
responsible for the pain of PFAPA patients [21, 25].

The PFAPA patient usually does not have systemic symp-
toms including rash, joint complaints, and signs of serositis.
Although the acute arthritis of the large joints is typical for
FMF patients, the chronic arthritis could be seen, as well
[5, 6]. Skin involvement is not expected in none of the men-
tioned conditions, expect for erysipelas like erythema seen
in FMF patients [5, 6].

Cervical lymphadenopathy and pharyngitis are exclu-
sively seen in PFAPA patients [2, 5, 21]. Roughly, we can
conclude that clinical features of the head and neck should
be attributed to PFAPA, while symptoms of the trunk and
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extremities are characteristic for the FMF patients. The most
relevant point in differential diagnosis of FMF/PFAPA is
that patients with FMF never complaint of head and neck
symptoms. On the other side, PFAPA patients do not report
the abdominal pain, except for those with mesenteric
lymphadenopathy.

Family history of some PFAPA patients suggests the auto-
somal dominant pattern of inheritance, but no single gene
has been documented to be responsible for the condition,
up to date [2, 21]. In some of cases, the parents of PFAPA
patients may have history of recurrent fevers or adenoido-
tonsillectomy as young children [21]. In contrary, the strong
genetic basis of the FMF has been confirmed with MEFV
mutation being documented in majority of patients [1, 3, 5].
Furthermore, recent studies and case reports imply the pos-
sible role of the MEFV gene in PFAPA patients [2, 41-44].
It seems that future studies would bring us new insights in
pathophysiology and genetics of PFAPA and its common
pathway with FMF.

Anti-inflammatory treatment (non-steroidal, anti-inflam-
matory drugs, and corticosteroids) works in both patients
group, resulting with cessation of the disease attacks and
prevention of disease complication. Both of patients group
does response to corticosteroids treatment, but the FMF
patients do not response to its single dose [2, 21]. Colchi-
cine is the cornerstone of the FMF treatment, whose effi-
ciency has been proven many times [5, 6, 17]. There are
some evidences of good clinical response of PFAPA patients
to colchicine treatment, as well [2, 34, 35]. The tonsillec-
tomy remains exclusive treatment option of PFAPA patients,
resulting with cessation of disease attacks, in general [2, 28].
Stojanov et al. [26] also reported that IL-1 inhibition could
possibly be beneficial in PFAPA patients during attacks.

Conclusions

The FMF and the PFAPA are the most frequent autoinflam-
matory conditions, with many common disease features. The
ethnicity of patient, the regularity of the disease attacks, and
the involvement of the upper respiratory systems and sym-
phonies could be helpful in differential diagnosis. Current
data from the literature suggest the use of biological agents
as an alternative for patients with FMF and PFAPA who are
non-responders classic treatment options. More controlled
studies are needed to evaluate the efficacy and safety of this
strategy.
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