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Abstract: Periodic Fever, Aphthous Stomatitis, Pharyngitis and Adenitis (PFAPA) syndrome
is an autoinflammatory disorder of unknown genetic etiology typically characterized by
recurrent fever episodes, pharyngitis, aphthous stomatitis and cervical lymphadenitis.
The syndrome runs a benign course with fever episodes recurring in regular intervals
and usually resolves around adolescence, even though, for a subset of patients, it persists
through adulthood. It is considered a condition of multifactorial etiology, a syndrome that
is triggered by environmental factors in genetically predisposed individuals. Increasing
evidence points towards a correlation between monogenic autoinflammatory syndromes
and PFAPA syndrome both in pathogenesis and therapeutic approaches. In this review, we
present an update of the current literature on PFAPA and focus on new data on genetics of
PFAPA and the association of PFAPA with other autoinflammatory diseases.
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1. Introduction

Periodic Fever, Aphthous Stomatitis, Pharyngitis and Adenitis (PFAPA) Syndrome
is an autoinflammatory fever syndrome of unknown etiology, characterized by recurrent
fever episodes with regular intervals between episodes along with pharyngitis, aphthous
stomatitis and cervical lymphadenitis. It was first described by Marshall et al. in 1987 with
a set of criteria that has since been revised by Thomas et al. [1]. The syndrome’s cumulative
incidence is 2.3 cases in 10,000 children (under 5 years old) with a slight male predominance
in childhood [1-3]. Disease onset is usually before the age of 5 years, and it resolves during
adolescence, even though adult onset PFAPA cases have been described in the literature [1].
PFAPA febrile episodes last 4-5 days, are accompanied by pharyngitis, lymphadenitis or
aphthous stomatitis, and recur at regular intervals (2-8 weeks). The patients” growth is not
affected, and diagnosis of the syndrome relies on the exclusion of cyclic neutropenia, upper
respiratory infections or other periodic fever syndromes [1,3,4].

Several theories have been proposed with regard to the causes of the syndrome, with
the predominant one being immune dysregulation in genetically predisposed individu-
als, resulting in an exaggerated response to environmental triggers [1]. Several studies
have indicated alterations in the immunologic profile of the patients during the episodes
with dysregulation of the innate immune system, as well as anatomical and biochemical
differences in the tonsillar tissue of the patients [1,5,6]. The lack of positive microbial
cultures, response to antibiotics, exposure to infected individuals, and the cessation of
symptoms after corticosteroid administration disprove the theories of infectious origin of
the syndrome.
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PFAPA syndrome had been considered a non-hereditary autoinflammatory disease
despite the fact that the existence of family pedigrees might suggest an autosomal dominant
pattern of inheritance with variable penetration [7]. The high prevalence of heterozygotes
of monogenic autoinflammatory diseases, such as Familial Mediterranean Fever (FMEF),
mevalonate kinase deficiency (MVK) or Cryopyrin-Associated Periodic Syndrome (CAPS),
among PFAPA patients challenged that notion and those genes are now considered disease
modifiers. Currently, PFAPA tends to be considered a syndrome of oligogenic or multigenic
etiology [3,8-10].

The management of PFAPA has two targets: the control of acute attacks and a decrease
in episode frequency. Non-Steroidal Anti-inflammatory Drugs (NSAIDs), corticosteroids
and, recently, IL-1 inhibitors have all shown variable degrees of efficacy in the cessation
of the episodes, while colchicine, cimetidine and anakinra have been shown to increase
the intervals between febrile episodes [1,2,8]. The use of vitamin D, pidotimob [11] and
probiotic K12 has been proposed in certain studies but needs further research to credit it.

2. Methodology

The terms “PFAPA”, PFAPA AND GENETICS”, “PFAPA AND BEHCET”, “PFAPA
AND FMF” were searched in the title and abstract in the Pubmed search engine and in the
sections of review, systematic review, meta-analysis, clinical trial and randomized clinical
trials, and we opted for articles published within the last 10 years in the English language.
Of the articles that emerged, the most recent ones were selected, and especially the ones
that focused on pathogenesis, genetics and treatment outcome.

3. Pathophysiology

The etiopathogenesis of PFAPA is largely unknown. All clues point to a multifactorial
disease. The infectious origin of the disease has been discredited due to the absence of
positive microbial cultures or serological findings, a lack of response to antibiotics, and the
cessation of fever after corticosteroid therapy. The differences in the tonsillar microbiome of
children with PFAPA (higher prevalence of Candida Albicans, lower viral load) are mostly
attributed to children’s increased exposure to antibiotics prior to the diagnosis [1,6,12,13].
The hypothesis that the use of probiotic Streptococcus K12 could influence the course
of the disease as it decreases the frequency of pharyngotonsillitis and acute otitis media
has been tested by La Torre et al. In their study, the administration of this probiotic for
a period of 6 months appeared to reduce the frequency and the duration of the flares.
Furthermore, the discontinuation of the treatment reversed these benefits [14]. PFAPA
syndrome is currently largely considered the result of immune system dysregulation and
several facts point towards this assumption. PFAPA attacks are associated with a notable
increase in inflammatory proteins (CRP, ESR, serum amyloid protein SAA), lymphopenia
and neutrophil dysfunction (neutrophil apoptosis, priming and generation of oxidative
burst) [1], which subside in the asymptomatic intervals. IL1-f3 overexpression has been
associated with the syndrome’s pathogenesis and is regulated by inflammasomes that
control the activation of caspase-1 (protein that cleaves pro IL-13 and pro IL-18, therefore
increasing IL-1 concentration in the plasma) [15].

PFAPA’s high resolution rates after tonsillectomy have suggested a primary role of
the tonsils in the pathogenesis of the syndrome. Dytrych et al. compared the tonsil tissue
of children with PFAFA and children with obstructive apnea. They found differences
both in the tonsillar white blood cell populations (lower percentage of B lymphocytes
CD 19+ and a proportional increase in CD8+ T cells) and the chemokine profile (CXCL20,
CXCL9, CCL19 genes significantly higher in children with PFAPA) [6]. Tonsillar germinal
centers were also found to be smaller with a wider average squamous epithelium in
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PFAPA patients, and a different pattern of localization of antimicrobial peptides (human
(3 defensin) was noted in patients. Ultimately, a shift in the expression of chemokines in
the tissue (lower gene expression of IL-4 compared to controls, with similar expression
of IL1-B3, IL-17, TNF-a, TGF-f) points towards an inhibition of Th2 expression, which
could be linked to the syndrome’s pathogenesis [4,5]. Larger germinal cells and lower
interleukin-1 receptor antagonist (IL 1RN) expression have been associated with longer
intervals between episodes [16]. The genetic component of PFAPA pathogenesis has
been a point of dispute as, despite the syndrome’s strong familial clustering [7,17,18], it
cannot be attributed to monogenic mutations and has been classified as a non-hereditary
autoinflammatory disorder [19,20]. Cheung et al. demonstrated associations between
monogenic autoinflammatory disorders genes and PFAPA disease and discovered a variant
in the CARDBS gene that was more common in PFAPA patients compared to the controls (14%
vs. 3.2%). Individuals with PFAPA heterozygous for mutations in the MEFV (FMF), NLRP3
(CAPS), MVK (MKD/HIDS), TNFRSF1A (TNF-receptor associated periodic syndrome
-TRAPS), and CARD15/NOD?2 (Blau syndrome) genes often exhibit atypical symptoms
like abdominal pain and arthralgias. These genes seem to act as disease modifiers for
PFAPA and affect the response to pharmacological or surgical therapy [21]. Additionally,
common alleles of the gene NOD2 (R702W, G908R, and 1007fsinC), associated with Crohn’s
disease, were found in children with PFAPA and conferred a PFAPA phenotype with
abdominal symptoms [3]. Recently, ALPK1 kinase, a protein associated with the function
of NLRP3 inflammasome, has been associated with the febrile manifestations of PFAPA
syndrome [22]. Epigenetic changes such as differences in methylation of Phosphoinositide-
3-Kinase Adaptor Protein 1 (PIK3AP1) and spondin 2 (SPON2) gene could also be associated
with the pathogenesis of PFAPA syndrome [23].

There are indications that oxidative stress and metabolic dysregulation could be impli-
cated in the pathogenesis of PFAPA syndrome. Reactive oxygen species and antioxidant
mechanisms are balanced in healthy individuals and are key components in homeostasis.
Increased oxidative stress causes damages in proteins, lipids and DNA molecules. Tugrul
et al. showed increased oxidative stress and DNA damage in PFAPA patients [24].

Vitamin D regulates immunity by interacting with receptors to modulate T cell pro-
liferation and dendritic cell function. Vitamin D deficiency has also been found in high
prevalence in autoimmune diseases such as rheumatoid arthritis, systemic sclerosis and
Systemic Lupus Erythematosus (SLE). Several studies have associated Vitamin D deficiency
in PFAPA patients with higher inflammatory markers and duration of the disease [25-28].

4. Clinical Manifestations and Epidemiology

PFAPA usually presents with fatigue as a prodomal symptom. The fever flares last
2-8 days (mean duration 5 days) and recur every 2-8 weeks. During febrile episodes,
children often show erythematous or exudative pharyngitis (90%), cervical lymphadenitis
(>75%), and oral aphthous lesions in 50% of cases [4]. Abdominal pain, arthralgia, arthritis,
headache and rashes can also accompany a PFAPA fever attack. Rhinorrhea and cough
are absent from PFAPA flares, as they are mostly indicative of upper respiratory infections.
There have been several cases of adult onset PEFAPA described in the literature and in this
age group joint symptoms, along which myalgia and headache are more common.

PFAPA is the most common fever syndrome in non-Mediterranean countries. It has
an estimated prevalence of 2.3/10,000 in Nordic Countries (2.3/10,000 in Norway [29,30],
2/10,000 in Finland in children under 5 years [31]). Ng et al. reported an incidence rate
of 0.098/10,000 in children aged 0-16 years in an English tertiary hospital, with a rise of
0.247/10,000 during the COVID-19 pandemic [32]. Male predominance is documented
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amongst the affected children (53-72%) [1-3]. The use of international registries could
probably shed light into the epidemiology and incidence of the syndrome [33].

5. Diagnosis

Marshall et al. first described the syndrome in 1987 and came up with a set of criteria
that has since been revised by Thomas in 1999. This set of criteria diagnoses PFAPA patients
with great sensitivity, but lacks specificity, especially when it comes to distinguishing PFAPA
and FMF or other monogenic autoinflammatory syndromes [1,6,34,35]. The estimated
specificity of the Marshall-Thomas criteria depends vastly on the FMF prevalence of the
investigated population, varying from 38 to 61% [34]. Several attempts have been made to
increase the specificity of the PFAPA diagnosis and to include a wider range of patients.
Cantarini et al. published a new set of criteria to include late-onset PFAPA patients, who
exhibit an atypical presentation with pronounced fatigue, arthralgias and myalgias, without
exudative tonsillitis (Table 1) [35,36]. Vanoni et al.’s criteria proved to be too restrictive and
reduced the sensitivity [37,38]. Takeuchi et al. proposed a new set of criteria in 2019 with a
reported high sensitivity and specificity that adds family history, response to corticosteroids
and high IgD to the diagnostic process [39].

Table 1. Modified Marshall criteria and Cantarini criteria for adult patients.

Criteria Modified Marshall Criteria Cantarini Criteria
Age of Onset Childhood At least 16 years old
Recurrent fever with general
Main Symptoms symptoms, absence of upper Recurrent fever
respiratory infection signs
At least one of the following: Erythematous pharyngitis during
Additional Symptoms aphthous stomatitis, cervical fever and/or cervical lymphadenitis

lymphadenopathy, pharyngitis

during fever

Inflammatory Markers

Not specified

Increased during attacks

Symptom-free Intervals

Yes

Yes

Exclusion Criteria

Cyclic neutropenia

Infective, autoimmune, neoplastic
diseases, monogenic and polygenic
autoinflammatory diseases

Throat Swab

Not specified

Negative during fever

Antibiotic Therapy

Not specified

Ineffective

Eurofever criteria for PFAPA are of limited use in clinical diagnosis but serve as
classification criteria in clinical studies and help to distinguish autoinflammatory diseases
with similar manifestations [40].

Fever diary is an important tool to prove the periodicity of the syndrome. Blood tests
during PFAPA flares show a significant increase in inflammatory markers such as CRP and
serum Amyloid A (SAA) and should be repeated on the seventh to fourteenth day of the
flare to prove the fall of these markers [3]. PFAPA patients exhibit normal growth and are
completely asymptomatic between flares. It is also mandatory to exclude other conditions
such as upper respiratory infections, cyclic neutropenia, immunodeficiency and neoplastic
diseases. Several biomarkers have been proposed through the years, but are currently not
in use in daily clinical practice [39,41].
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6. Differential Diagnosis

PFAPA syndrome is an autoinflammatory disorder with systematic symptoms that
closely resemble other conditions (Table 2) [19,42,43].

Table 2. Differential diagnosis of PFAPA syndrome.

Differential Diagnosis of PFAPA Syndrome

Disease

Symptoms Notes

Cyclic neutropenia

Severe neutropenia with 21-day intervals,
fever, oral aphthous ulcers, gingivitis, ELANE gene mutations
bacterial infections

Behcet’s disease

Ulcerative disease (oral and genital),
gastrointestinal symptoms, neurological ~ Clinical criteria, multigenetic disease
symptoms, vasculitis

Monogenetic Autoinflammatory Diseases

Fever episodes (12-72 h), severe

FMEF abdominal pain, pleuritic pain, arthritis, Clinical criteria, MEFV gene
erysipelas-like exanthema, orchitis
Recurrent fever, oral aphthous lesions,
abdominal pain, diarrhea, vomiting, skin Episodes trigvered by immunization
MKD rash, generalized lymphadenopathy, p 88 y
. at an early age
splenomegaly, arthralgia,
arthritis, myalgia
Non-regular and longer fever episodes,
migratory skin rash, periorbital swelling, Autoinflammatory disorder with
TRAPS . N . .
conjunctivitis, pleurisy, absence of varied symptoms

vomiting and aphthous stomatitis

FMF: Familial Mediterranean Fever, MKD: Mevalonate Kinase Deficiency, TRAPS: TNF-receptor associated
periodic syndrome, ELANE Gene: Elastase Neutrophil Expressed.

Cyclic neutropenia is a disease characterized by periods of severe neutropenia (neu-
trophils under 500) that occur with 21-day intervals. As a result, patients during the
neutropenic phase suffer from febrile attacks and oral aphthous ulcers, gingivitis and
bacterial infections. The attacks do not respond to single-dose corticosteroid therapy and
the diagnosis is made through genetic tests (ELANE gene mutations) [1,3]. The exclusion
of upper respiratory infections is also included in the diagnostic criteria of PFAPA. Upper
respiratory infections happen more often during the winter months, lack periodicity, do
not respond to corticosteroids and may respond to antibiotics [9]. Monogenic Autoinflam-
matory disorders such as MKD, TRAPS, CAPS, and FMF present in a similar manner to
PFAPA and the Gaslini score is used to distinguish the group of patients that would benefit
from further genetic investigation (Table 3). The score values the age of onset, presence
of abdominal pain, chest pain and diarrhea. Exudative tonsillitis is present in PFAPA
and not in monogenic autoinflammatory diseases. Skin rashes, arthritis, diarrhea, chest
pain, hepatosplenomegaly, fever episodes longer than 7 days, a history of hearing loss or
episodes associated with cold or exercise are symptoms that are not supportive of PFAPA
diagnosis [3,9].
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Table 3. Gaslini score predicts the possibility of a genetic basis in patients presenting with PFAPA-like
symptoms [10].

Gaslini Diagnostic Score

Age at onset

Positive family history

Chest pain

Abdominal pain

Diarrhea

Mouth ulcers

Clinical symptoms grading Never, sometimes, often, always

High risk of hereditary forms of

Score (>1.32) non-CAPS periodic fever syndromes

Sensitivity >90% for proven gene mutation

59-82%, significant number tested with no

Specificity mutation found

CAPS: Cryopyrin-Associated Periodic Syndrome. Gaslini score can be automatically calculated in the site
(https:/ /www.printo.it/eurofever/periodic_fever, accessed on 24 March 2025).

In FMF, fever episodes last 12-72 h, and are usually associated with severe abdominal
pain, pleurisy or arthritis, erysipelas like rash and orchitis [3]. MKD is a rare autosomal
recessive condition that presents like PFAPA with recurrent fever, oral aphthous lesions
and cervical adenopathy, but is also accompanied by abdominal pain, diarrhea, vomiting,
skin rash, generalized lymphadenopathy, splenomegaly, arthralgia, arthritis or myalgia.
The episodes are triggered by immunization at an early age [9]. TRAPS involves irregular,
prolonged fevers, migratory skin rash, periorbital swelling, conjunctivitis, pleurisy, and
lacks vomiting and aphthous stomatitis [3]. Behcet disease is a chronic inflammatory
disease presenting with ulcerative disease (oral and/or genital), gastrointestinal symptoms,
neurological symptoms and vasculitis [44].

7. Associations Between PFAPA and FMF

More than 30 monogenic autoinflammatory syndromes have been recognized, the
most common of which in the Mediterranean area is Familial Mediterranean Fever. PFAPA,
on the other hand, is considered an oligogenic disease nowadays, the pathogenesis of
which could be lying in the IL-1f3 pathway. FMF is the result of defective pyrin, a protein
that regulates apoptosis and inflammation. The over 80 recognized mutations of the MEFV
gene result in overactivation of the IL-1f3 pathway. Therefore, the question is whether these
two clinical entities could have a genetic overlap [9,34,45].

Most studies confirm a prevalence of MEFV mutations in PFAPA patients, ranging
from 27 to 65% [19,43,46—49]. Heterozygotes of MEFV mutations in PFAPA patients present
a slightly more favorable phenotype as they appear to experience shorter PEAPA flares,
decreased frequency of oral ulcers, and a positive response to lower corticosteroid dosage
and to colchicine. MEFV gene carriers also display lower remission rates after tonsillec-
tomy [46,50]. Heterozygotes of MEFV are also represented with a higher frequency in
other inflammatory disorders such as Behcet’s disease, Crohn'’s disease, ulcerative colitis
and Henoch Schoenlein Purpura [51]. FMF carriers also have lower rates of asthma than
the general population. One of the circulating hypotheses is that FMF gene carriers are
more prone to Thl over Th2 system activation, therefore being in a constant “proinflamma-
tory state”, making them susceptible to external triggers and the development of PFAPA
syndrome [50].
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Recent research points towards an oligogenic pattern of inheritance in PFAPA pa-
tients depending on the “total inflammatory burden”. The accumulation of multiple
inflammasome-associated variants affects the severity of the phenotype and the response
to therapy happens in a dose-dependent manner. Federici et al. proposed that this “dose-
effect” was associated with MEFV mutations as well, as individuals carrying low penetrance
MEFV mutations were more likely to experience more PFAPA like symptoms and less
FMF like symptoms compared to individuals carrying two more high penetrance FMF
mutations [50]. On the other hand, several facts appear to disprove this association. Whole
blood gene profiling points towards differences in gene expression between PFAPA and
FMF patients, involving at least 600 different genes related to cytotoxic T lymphocyte-
related apoptosis of target cells, T cell receptor signaling, IL-9 signaling, p53 signaling, and
TREM1-signaling pathways. Transcription patterns during PFAPA flares suggest involve-
ment of host defense mechanisms comprising innate and adaptive immunity, supporting
the theory of immunologic response to environmental trigger. None of the genes involved
in monogenetic autoinflammatory syndromes could be associated with similar molecular
biology [9].

8. Associations Between PFAPA and Behcet Disease

A possible link between PFAPA and Behcet disease has recently emerged in the litera-
ture. These two entities present with episodic febrile attacks with oral ulcers. The similarity
in pathogenesis is attributed to imbalance of the IL-13 pathway and over-activation of
Thl-mediated immunity [52]. Cantarini et al. found a relatively high percentage (7.5-30%)
of Behcet patients that fulfilled the criteria for PFAPA in their childhood [53,54]. Bedir
et al., in their case—control study, found a high frequency of HLA-B15 in both diseases [55].
Manthiram et al. demonstrated the existence of common pathogenic loci (IL-12A, IL-10,
STAT4, CCR1-CCR3) [56]. The genetic correlation is emphasized by the observation that
5 % of PFAPA patients have a relative with Behcet [55].

Manthiram et al. expressed the theory that these two diseases could represent a
continuum of oral ulcers associated diseases, with Behcet being the most severe condition
of the spectrum, PFAPA an intermediate condition, and recurrent oral aphthosis (RAS)
representing a milder condition. Researchers hypothesize that the difference in Major
Histocompatibility Complex (MHC) observed amongst these patients could influence the
clinical phenotype, thus resulting in the heterogeny of the disease [44,56]. Despite the
convincing arguments, there are some elements contradicting this theory. PFAPA and
Behcet disease have different ages of onset (childhood vs. adulthood) and the clinical
presentation differs as PFAPA patients have tonsillitis and lymphadenopathy, while Behcet
patients have ocular redness, uveitis and testicular pain. PFAPA is usually associated with a
more pronounced increase in inflammatory markers [55]. Behcet disease distinguishes itself
from other autoinflammatory diseases as it combines Th1- and Th2-mediated responses,
unlike PFAPA, which is mostly considered a Thl disease [53].

9. Management of PFAPA

The two main goals of PFAPA management are to control acute attacks and decrease
attack frequency or even prevent future attacks (Tables 4 and 5) [2,37,57,58].

The therapeutic measures for the treatment of acute attacks that have been suggested in
the literature through the years are NSAIDs (as a supportive measure), and corticosteroids,
such as prednisolone in a dose of 1-2 mg/kg (has been proven to cause the cessation of the
attack, even though systematic use could decrease the interval between the attacks) [2,28,37].
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Table 4. Past and present therapeutic options for PFAPA syndrome.

Currently Used Therapies

Therapy Evidence Degree of Evidence Effect Comments
Corticosteroids Various studies High-IIB Cessation of the Commg nly used fo
attack control inflammation
. . . . Decrease attack .
Anakinra Clinical trials Medium-IV IL-1 receptor antagonist
frequency
Colchicine Various studies Medium Decrease attack More eff1c1en't in MEFV
frequency (+) patients
Tonsillectomy Clinical trials High-IA Decrease attack Not efficient in MEFV
frequency (+)
Past Therapies
Therapy Evidence Degree of Evidence Effect Comments
Cimetidine Various studies Low Decrease attack Histamine H2-'receptor
frequency antagonist
MEFV: Mediterranean Fever gene, MEFV (+): Mediterranean Fever gene mutation carrier, IL-1: Interleukin-1.
Table 5. Experimental therapies.
Experimental Therapies
Therapy Evidence Degree of Evidence Effect Comments
Decrease attack Potential
Lidomide Anecdotal reports Low immunomodulatory
frequency
effects
Montelukast Anecdotal reports Low Decrease attack Leukotriene receptor
frequency antagonist
Decrease attack Adult PFAPA patients,
Thalidomide Medium reduction in oral ulcers
frequency .
and systemic symptoms
Vitamin D Low Decrease attack Thought to support
frequency immune function
Pidotimob Low Decrease attack Ef(perlment.al thera}?y
frequency with potential benefits
Probiotic K12 Low Decrease attack Probiotic strain with

frequency

potential immune benefits

The prevention of future episodes or an increase in the interval between febrile attacks
could be achieved through several medical regimens such as cimetidine [2] (debatable
efficacy, ranges between 27 and 42% in studies), colchicine [59] (increased flare interval from
20 to 50 days in 85% of patients), IL-1 inhibitors (limited use due to increased cost of the
therapy, more painful injections) [2,28,37], vitamin D (lower levels of vitamin D have been
associated with higher inflammatory markers and more frequent episodes), pidotimob,
ketotifen [60], and probiotic K12 (decreases the frequency of tonsillitis, debatable efficacy
in PFAPA syndrome). There are even some anecdotal reports supporting the efficacy
of lidomide and montelukast in PFAPA patients. There have also been some studies
suggesting the use of thalidomide in adult PFAPA patients, as it is associated with a
reduction in oral ulcers and systemic symptoms [11].

Tonsillectomy is considered an effective therapy, as a meta-analysis reports an efficacy
of 64-100% with a complete remission in a large number of the cases [58,61,62]. However, a
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limited number of patients will be candidates for surgery due to the known self-limited course
of the disease and the high rates of success of drug therapy. Heterozygotes of the MEFV
genes display lower rates of PEFAPA remission after tonsillectomy [2,50,61-64]. Glucocorticoid
therapy (prednisolone 1-2 mg/kg up to 25-60 mg, or betamethasone 0.1-0.2 mg/kg/dose)
consists of the administration of a single dose early during the fever flare. More than 90% of
patients will experience absence of the fever within a few hours, but some fatigue may persist
for several hours or days. Yazgan et al. showed that lower doses of corticosteroids could
achieve similar results (mean dose 0.59 mg/kg/dose) even though these slightly increased
the hours needed for the cessation of fever (6-8 h in higher doses vs. 8-12 h) [2]. The
exact mechanism of action of colchicine in autoinflammatory syndromes is still unknown.
Colchicine prevents the polymerization of microtubules, which are key components of the
cytoskeleton, and results in RhoA kinase activation. The activation of this biochemical path
results in the suppression of pyrin inflammasome, therefore limiting the production of IL-
1B [50]. The prevalence of MEFV heterozygotes within PFAPA patients suggests that the
control of disease flares could be achieved in a similar manner in selective cases [4,5,65,66].
Butbul et al., in their randomized trial with 18 children, showed that colchicine therapy could
reduce attack frequency, but larger randomized studies need to be conducted to prove its
efficacy [58,67,68]. Raeskarami et al., in their randomized controlled trial of 67 PFAPA patients,
showed that there is no statistically significant difference between colchicine and cimetidine
as a prophylactic measure [69].

IL-1B inhibitors such as Anakinra have been recently used as alternatives to the pre-
vious regimens both as flare suppressants and long-term treatment for a reduction in the
episodes (interval between attacks and number of attacks). The use of IL-1f inhibitors
has been limited due to cost effectiveness (expensive therapy in a self-limited syndrome),
difficulties in administration (painful subcutaneous injections), possibility of immunosup-
pression, and the parents’ resistance to consent to the administration of the therapy [1].

Pidotimob (3-L-pyroglutamyl-Lthiazolidine-4carboxylic acid) is an immunomodula-
tory agent that has been shown to increase antigen presentation and promote adaptive
Th-1-mediated immunity, as well as increase the concentration of salivary IgA. Buongorno
et al. showed that the administration of the molecule led to a 68% remission rate for the
participants of the study (37 children). Similarly, Manti et al. showed that 22 patients that
received the therapy showed a significant reduction in the frequency of febrile episodes,
pharyngitis and aphthous stomatitis [11]. Further investigations are needed in order to
evaluate the possibility of wider use of this therapeutic option.

Due to the benign nature of the disease and the limited epidemiological data, there was
a lack of evidence-based evaluation of therapeutic plans in clinical trials. The Eurofever and
the AIDA registry offered important clues and enabled the evaluation of the most commonly
used therapies, such as corticosteroids, colchicine, cimetidine and tonsillectomy [33,58]. The
Childhood Arthritis and Rheumatology Association (CARRA) issued consensus treatment
plans in 2020 which mostly focused on defining corticosteroid-responsive cases and divided
the approach into antipyretic, corticosteroid, prophylaxis and surgical therapy (Table 6) [70].
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Table 6. Management based on CARRA consensus treatment plans [70].

PFAPA Management Steps

Description

(1) Antipyretic Arm

Symptomatic

(2) Corticosteroid Arm

Prednisolone 1 mg/kg initial single dose:

<14 d interval between febrile episodes change to another arm

14-21 d interval trial of 2 mg/kg prednisolone and according to response:
>21 d interval continue with that dose

<21 d interval continue with another arm

(3) Prophylaxis Arm

Colchicine or Cimetidine

(4) Surgical Arm

Tonsillectomy

10. Disease Course and Prognosis

PFAPA syndrome usually runs a benign course, associated with spontaneous resolu-
tion within 3-5 years of disease onset. Wurster et al. demonstrated that 85% of patients
experienced complete remission within 6 years, although 15% of patients remained symp-
tomatic for a mean period of 18 years [1,3]. A later age of onset, a positive family history of
PFAPA syndrome, and the absence of headaches are considered independent prognostic
factors, indicating the likelihood of resolution of the syndrome within 4 years of onset [67].
A French study found that PFAPA patients experience reduced quality of life, with in-
creased fatigue and significant impacts on psychosocial functioning, as measured by the
Pediatric Quality of Life Inventory score [2]. Similarly, Bedir et al., in a recent study, showed
a significant reduction in quality of life in sixty PFAPA and thirty Behcet patients compared
to a control group using the same score [55].

11. PFAPA and Undifferentiated Recurrent Fever Syndrome (SURF)

Hausmann et al. recognized a subset of patients that present with recurrent or pe-
riodic fever but do not fit the diagnostic criteria for PFAPA and do not have any known
genes for monogenic autoinflammatory diseases. Especially in the pediatric population,
these patients tend to be mislabeled as PFAPA. They named this entity “syndrome of
undifferentiated recurrent fevers” (SURF) [35].

Luu et al. recognized that SURF patients tend to have gastrointestinal symptoms more
frequently, are less likely to respond to corticosteroids compared to PFAPA patients and
experience remission after tonsillectomy. Furthermore, on pathological examination of
the tonsillar tissue, they presented reduced numbers of CD3+ cells compared to PFAPA
patients and a strong IL-1 expression, similarly to PFAPA patients [71].

Papa et al. recommended a set of features that would point towards the classification of
these patients under this term, with mandatory indications being recurrent fever with high
inflammatory markers, not fulfilling the PFAPA criteria, and negative genetic testing for
monogenic autoinflammatory diseases [72]. Broderic et al. suggest a diagnostic algorithm
to guide the clinician in the diagnosis of recurrent fevers [73].

Further research needs to be carried out to clarify whether SURF constitutes a separate
entity with a common pathogenetic mechanism or whether it represents a subcategory of
atypical PFAPA presentations.

12. Conclusions

The present literature review attempts to examine the possible correlation of PFAPA
syndrome with monogenic autoinflammatory syndromes and Behcet disease, as well as
the implications these findings could have on the treatment of these patients. This review
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pathogenesis and the management options of the syndrome.

Author Contributions: Conceptualization, C.P.; methodology, M.M.; data curation, M.M.; writing-
original draft preparation, M.M; writing-review and editing, M.M. and C.P.; supervision, C.P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

AIDA AutoInflammatory Diseases Alliance

CAPS Cryopyrin-Associated Periodic Syndrome

CARRA Childhood Arthritis and Rheumatology Association

ELANE Elastase Neutrophil Expressed gene

CARDS Caspase recruitment domain-containing protein 8

FMF Familial Mediterranean Fever

IgA Immunoglobulin A

IL-1 Interleukin-1

IL-1B Interleukin-1 beta

IL-1IRN Interleukin-1 receptor antagonist

MEFV Mediterranean Fever

MKD/HIDS Mevalonate Kinase Deficiency /HyperImmunoglobulin D Syndrome
NOD2 Nucleotide-binding oligomerization domain-containing protein 2
PFAPA Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis
PIK3AP1 Phosphoinositide-3-Kinase Adaptor Protein 1

RhoA Member of the RhoA family

SAA Serum Amyloid A

SPON2 Spondin 2

SURF Undifferentiated Recurrent Fever Syndrome

Thl T-helper cells 1

Th2 T-helper cells 2

TRAPS TNEF-receptor-associated periodic syndrome

Algorithm for Clinical Practice. Rheumatol. Int. 2019, 39, 957-970. [CrossRef]

2. Hofer, M. Why and How Should We Treat Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis (PFAPA)

Syndrome? Pediatr. Drugs 2020, 22, 243-250. [CrossRef]

3. Wang, A.,; Manthiram, K,; Dedeoglu, F,; Licameli, G.R. Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis (PFAPA)

Syndrome: A Review. World ]. Otorhinolaryngol.—Head Neck Surg. 2021, 7, 166-173. [CrossRef]

Ota, K.; Kwak-Kim, J.; Takahashi, T.; Mizunuma, H. Pregnancy Complicated with PFAPA (Periodic Fever, Aphthous Stomatitis,

Pharyngitis and Cervical Adenitis) Syndrome: A Case Report. BMC Pregnancy Childbirth 2018, 18, 207. [CrossRef]


https://doi.org/10.1007/s00296-019-04257-0
https://doi.org/10.1007/s40272-020-00393-4
https://doi.org/10.1016/j.wjorl.2021.05.004
https://doi.org/10.1186/s12884-018-1854-6

Children 2025, 12, 446 12 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Nakano, S.; Kondo, E.; Iwasaki, H.; Akizuki, H.; Matsuda, K.; Azuma, T.; Sato, G.; Kitamura, Y.; Abe, K.; Takeda, N. Differential
Cytokine Profiles in Pediatric Patients with PFAPA Syndrome and Recurrent Tonsillitis. ]. Med. Investig. 2021, 68, 38—41. [CrossRef]
[PubMed]

Forsvoll, J.; Kristoffersen, E.K.; @ymar, K. The Inmunology of the Periodic Fever, Aphthous Stomatitis, Pharyngitis and Cervical
Adenitis Syndrome; What Can the Tonsils Reveal. A Literature Review. Int. ]. Pediatr. Otorhinolaryngol. 2020, 130, 109795.
[CrossRef] [PubMed]

Manthiram, K.; Nesbitt, E.; Morgan, T.; Edwards, K.M. Family History in Periodic Fever, Aphthous Stomatitis, Pharyngitis,
Adenitis (PFAPA) Syndrome. Pediatrics 2016, 138, e20154572. [CrossRef]

Dammeyer, K.L.; Schneider, A.; April, M.M.; Kahn, PJ. Synchronous Disease Onset and Flares in Siblings with PFAPA. Pediatr.
Rheumatol. 2022, 20, 87. [CrossRef]

Soylu, A.; Yildiz, G.; Torun Bayram, M.; Kavukgu, S. IL-1p Blockade in Periodic Fever, Aphthous Stomatitis, Pharyngitis, and
Cervical Adenitis (PFAPA) Syndrome: Case-Based Review. Rheumatol. Int. 2021, 41, 183-188. [CrossRef]

Gattorno, M.; Caorsi, R.; Meini, A.; Cattalini, M.; Federici, S.; Zulian, F.; Cortis, E.; Calcagno, G.; Tommasini, A.; Consolini, R.;
et al. Differentiating PFAPA Syndrome From Monogenic Periodic Fevers. Pediatrics 2009, 124, €721-e728. [CrossRef]

Manti, S.; Filosco, E; Parisi, G.F; Finocchiaro, G.G.; Papale, M.; Giugno, A.; Barone, P; Leonardji, S. Proposal for a New Therapeutic
High Dosage of Pidotimod in Children with Periodic Fever, Aphthous Stomatitis, Pharyngitis, Adenitis (PFAPA) Syndrome: A
Randomized Controlled Study. Ital. ]. Pediatr. 2020, 46, 106. [CrossRef]

Tejesvi, M.V,; Tapiainen, T.; Vanni, P.; Uhari, M.; Suokas, M.; Lantto, U.; Koivunen, P.; Renko, M. Tonsil Mycobiome in PFAPA
(Periodic Fever, Aphthous Stomatitis, Pharyngitis, Adenitis) Syndrome: A Case-Control Study. Front. Cell. Infect. Microbiol. 2021,
10, 616814. [CrossRef]

Tejesvi, M.V,; Uhari, M.; Tapiainen, T.; Pirttild, A.M.; Suokas, M.; Lantto, U.; Koivunen, P.; Renko, M. Tonsillar Microbiota in
Children with PFAPA (Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis) Syndrome. Eur. J. Clin. Microbiol. Infect.
Dis. 2016, 35, 963-970. [CrossRef]

La Torre, F; Sota, J.; Insalaco, A.; Conti, G.; Del Giudice, E.; Lubrano, R.; Breda, L.; Maggio, M.C.; Civino, A.; Mastrorilli, V.; et al.
Preliminary Data Revealing Efficacy of Streptococcus Salivarius K12 (SSK12) in Periodic Fever, Aphthous Stomatitis, Pharyngitis,
and Cervical Adenitis (PFAPA) Syndrome: A Multicenter Study from the AIDA Network PFAPA Syndrome Registry. Front. Med.
2023, 10, 1105605. [CrossRef]

Forsvoll, J.; Kristoffersen, E.K.; @ymar, K. Elevated Levels of CXCL10 in the Periodic Fever, Aphthous Stomatitis, Pharyngitis and
Cervical Adenitis Syndrome (PFAPA) during and between Febrile Episodes; an Indication of a Persistent Activation of the Innate
Immune System. Pediatr. Rheumatol. 2013, 11, 38. [CrossRef]

Luu, I; Sharma, A.; Guaderrama, M.; Peru, M.; Nation, J.; Page, N.; Carvalho, D.; Magit, A.; Jiang, W.; Leuin, S.; et al.
Immune Dysregulation in the Tonsillar Microenvironment of Periodic Fever, Aphthous Stomatitis, Pharyngitis, Adenitis (PFAPA)
Syndrome. J. Clin. Immunol. 2020, 40, 179-190. [CrossRef]

Antén-Martin, P.; Ortiz Movilla, R.; Guillén Martin, S.; Allende, L.M.; Cuesta Rubio, M.T.; Lépez Gonzélez, M.F.; Ramos Amador,
J.T. PFAPA Syndrome in Siblings. Is There a Genetic Background? Eur. J. Pediatr. 2011, 170, 1563-1568. [CrossRef]

Cochard, M.; Clet, J.; Le, L.; Pillet, P.; Onrubia, X.; Gueron, T.; Faouzi, M.; Hofer, M. PFAPA Syndrome Is Not a Sporadic Disease.
Rheumatology 2010, 49, 1984-1987. [CrossRef]

Gioia, S.A.D.; Bedoni, N.; Von Scheven-Géte, A.; Vanoni, F,; Superti-Furga, A.; Hofer, M.; Rivolta, C. Analysis of the Genetic
Basis of Periodic Fever with Aphthous Stomatitis, Pharyngitis and Cervical Adenitis (PFAPA) Syndrome. Sci. Rep. 2015, 5, 10200.
[CrossRef] [PubMed]

Akelma, A.Z.; Cizmeci, M.N.; Kanburoglu, M.K,; Mete, E.; Bozkaya, D.; Tufan, N.; Catal, F. Is PFAPA Syndrome Really a Sporadic
Disorder or Is It Genetic? Med. Hypotheses 2013, 81, 279-281. [CrossRef] [PubMed]

Asna Ashari, K.; Rezaei, N. PFAPA (Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis) Syndrome: An Overview of
Genetic Background. Clin. Rheumatol. 2021, 40, 4437-4444. [CrossRef]

Sangiorgi, E.; Azzara, A.; Molinario, C.; Pietrobono, R.; Rigante, D.; Verrecchia, E.; Sicignano, L.L.; Genuardi, M.; Gurrieri, E;
Manna, R. Rare Missense Variants in the ALPK1 Gene May Predispose to Periodic Fever, Aphthous Stomatitis, Pharyngitis and
Adenitis (PFAPA) Syndrome. Eur. ]. Hum. Genet. 2019, 27, 1361-1368. [CrossRef] [PubMed]

Lovsin, E.; Kovag, J.; Tesovnik, T.; Toplak, N.; Perko, D.; Rozmari¢, T.; Debeljak, M.; Av¢in, T. PIK3AP1 and SPON2 Genes Are
Differentially Methylated in Patients with Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis (PFAPA) Syndrome.
Front. Immunol. 2020, 11, 1322. [CrossRef]

Tugrul, S.; Dogan, R.; Kocyigit, A.; Torun, E.; Senturk, E.; Ozturan, O. DNA Damage and Oxidative Status in PFAPA Syndrome.
Auris. Nasus. Larynx 2015, 42, 406-411. [CrossRef]

Nalbantoglu, A.; Nalbantoglu, B. Vitamin D Deficiency as a Risk Factor for PFAPA Syndrome. Int. |. Pediatr. Otorhinolaryngol.
2019, 121, 55-57. [CrossRef]


https://doi.org/10.2152/jmi.68.38
https://www.ncbi.nlm.nih.gov/pubmed/33994477
https://doi.org/10.1016/j.ijporl.2019.109795
https://www.ncbi.nlm.nih.gov/pubmed/31786522
https://doi.org/10.1542/peds.2015-4572
https://doi.org/10.1186/s12969-022-00744-0
https://doi.org/10.1007/s00296-019-04389-3
https://doi.org/10.1542/peds.2009-0088
https://doi.org/10.1186/s13052-020-00871-y
https://doi.org/10.3389/fcimb.2020.616814
https://doi.org/10.1007/s10096-016-2623-y
https://doi.org/10.3389/fmed.2023.1105605
https://doi.org/10.1186/1546-0096-11-38
https://doi.org/10.1007/s10875-019-00724-2
https://doi.org/10.1007/s00431-011-1479-5
https://doi.org/10.1093/rheumatology/keq187
https://doi.org/10.1038/srep10200
https://www.ncbi.nlm.nih.gov/pubmed/25988833
https://doi.org/10.1016/j.mehy.2013.04.030
https://www.ncbi.nlm.nih.gov/pubmed/23660131
https://doi.org/10.1007/s10067-021-05770-z
https://doi.org/10.1038/s41431-019-0421-6
https://www.ncbi.nlm.nih.gov/pubmed/31053777
https://doi.org/10.3389/fimmu.2020.01322
https://doi.org/10.1016/j.anl.2015.03.007
https://doi.org/10.1016/j.ijporl.2019.02.047

Children 2025, 12, 446 13 of 15

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

Mahamid, M.; Agbaria, K.; Mahamid, A.; Nseir, W. Vitamin D Linked to PFAPA Syndrome. Int. |. Pediatr. Otorhinolaryngol. 2013,
77,362-364. [CrossRef]

Stagi, S.; Bertini, F.; Rigante, D.; Falcini, F. Vitamin D Levels and Effects of Vitamin D Replacement in Children with Periodic
Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis (PFAPA) Syndrome. Int. J. Pediatr. Otorhinolaryngol. 2014, 78,
964-968. [CrossRef]

Rigante, D.; Vitale, A.; Natale, M.E,; Lopalco, G.; Andreozzi, L.; Frediani, B.; D’Errico, F,; Iannone, F.; Cantarini, L. A Compre-
hensive Comparison between Pediatric and Adult Patients with Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical
Adenopathy (PFAPA) Syndrome. Clin. Rheumatol. 2017, 36, 463—468. [CrossRef]

Lantto, U.; Koivunen, P; Tapiainen, T.; Renko, M. Long-Term Outcome of Classic and Incomplete PFAPA (Periodic Fever,
Aphthous Stomatitis, Pharyngitis, and Adenitis) Syndrome after Tonsillectomy. J. Pediatr. 2016, 179, 172-177 1. [CrossRef]
Renko, M.; Lantto, U.; Tapiainen, T. Towards Better Diagnostic Criteria for Periodic Fever, Aphthous Stomatitis, Pharyngitis and
Adenitis Syndrome. Acta Paediatr. 2019, 108, 1385-1392. [CrossRef]

Forsvoll, ].; Kristoffersen, E.K.; @ymar, K. Incidence, Clinical Characteristics and Outcome in N Orwegian Children with Periodic
Fever, Aphthous Stomatitis, Pharyngitis and Cervical Adenitis Syndrome; a Population-based Study. Acta Paediatr. 2013, 102,
187-192. [CrossRef]

Ng, K.E; Morgan, J.; Cutts, T.; Duncan, I.; Roderick, M.; Ramanan, A.; Goenka, A. Rise in Children Presenting with Periodic
Fever, Aphthous Stomatitis, Pharyngitis and Adenitis Syndrome During the COVID-19 Pandemic. Arch. Dis. Child. 2021, 106, e49.
[CrossRef]

Vitale, A.; Della Casa, E; Ragab, G.; Almaghlouth, I.A.; Lopalco, G.; Pereira, R.M.; Guerriero, S.; Govoni, M.; Sfikakis, P.P;
Giacomelli, R.; et al. Development and Implementation of the AIDA International Registry for Patients with Behget’s Disease.
Intern. Emerg. Med. 2022, 17,1977-1986. [CrossRef]

Adrovic, A; Yildiz, M.; Kanber, M.; Ulkersoy, I.; Gucuyener, N.; Koker, O.; Sahin, S.; Barut, K.; Kasapcopur, O. Performance of
Recently Proposed Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis (PFAPA) Syndrome Criteria in a
Region Endemic for Familial Mediterranean Fever. Rheumatol. Int. 2020, 40, 91-96. [CrossRef]

Hausmann, J.; Dedeoglu, F.; Broderick, L. Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis Syndrome and
Syndrome of Unexplained Recurrent Fevers in Children and Adults. ]. Allergy Clin. Immunol. Pract. 2023, 11, 1676-1687.
[CrossRef]

Cantarini, L.; Vitale, A.; Sicignano, L.L.; Emmi, G.; Verrecchia, E.; Patisso, I.; Cerrito, L.; Fabiani, C.; Cevenini, G.; Frediani, B.; et al.
Diagnostic Criteria for Adult-Onset Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis (PFAPA) Syndrome.
Front. Immunol. 2017, 8, 1018. [CrossRef]

Vanoni, E; Theodoropoulou, K.; Hofer, M. PFAPA Syndrome: A Review on Treatment and Outcome. Pediatr. Rheumatol. 2016, 14,
38. [CrossRef]

Vanoni, F,; Caorsi, R.; Aeby, S.; Cochard, M.; Antén, ].; Berg, S.; Brik, R.; Dolezalova, P.; Koné-Paut, I.; Neven, B.; et al. Towards a
New Set of Classification Criteria for PFAPA Syndrome. Pediatr. Rheumatol. 2018, 16, 60. [CrossRef]

Takeuchi, Y.; Shigemura, T.; Kobayashi, N.; Nagumo, H.; Furumoto, M.; Ogasawara, K.; Fujii, H.; Takizawa, M.; Soga, T.; Matoba,
H.; et al. Clinical Features and New Diagnostic Criteria for the Syndrome of Periodic Fever, Aphthous Stomatitis, Pharyngitis,
and Cervical Adenitis. Int. |. Rheum. Dis. 2019, 22, 1489-1497. [CrossRef] [PubMed]

Gattorno, M.; Hofer, M.; Federici, S.; Vanoni, E; Bovis, F.; Aksentijevich, I.; Anton, J.; Arostegui, ].I.; Barron, K.; Ben-Cherit, E.;
et al. Classification Criteria for Autoinflammatory Recurrent Fevers. Ann. Rheum. Dis. 2019, 78, 1025-1032. [CrossRef] [PubMed]
Batu, E.D.; Vezir, E.; Ogﬁ§, E,; Ozba@ Demirel, O,; Akpmar, G.; Demir, S.; Ozen, S. Galectin-3: A New Biomarker for Differentiating
Periodic Fever, Adenitis, Pharyngitis, Aphthous Stomatitis (PFAPA) Syndrome from Familial Mediterranean Fever? Rheumatol.
Int. 2022, 42, 71-80. [CrossRef]

Sangiorgi, E.; Rigante, D. The Clinical Chameleon of Autoinflammatory Diseases in Children. Cells 2022, 11, 2231. [CrossRef]
Veres, T.; Amarilyo, G.; Abu Ahmad, S.; Abu Rumi, M.; Brik, R.; Hezkelo, N.; Ohana, O.; Levinsky, Y.; Chodick, G.; Butbul Aviel,
Y. Familial Periodic Fever, Aphthous Stomatitis, Pharyngitis and Adenitis Syndrome; Is It a Separate Disease? Front. Pediatr. 2022,
9, 800656. [CrossRef]

Manthiram, K.; Preite, S.; Dedeoglu, F.; Demir, S.; Ozen, S.; Edwards, K.M.; Lapidus, S.; Katz, A.E.; The Genomic Ascertainment
Cohort; Feder, H.M.; et al. Common Genetic Susceptibility Loci Link PFAPA Syndrome, Behget’s Disease, and Recurrent Aphthous
Stomatitis. Proc. Natl. Acad. Sci. USA 2020, 117, 14405-14411. [CrossRef]

Adrovic, A.; Sahin, S.; Barut, K.; Kasapcopur, O. Familial Mediterranean Fever and Periodic Fever, Aphthous Stomatitis,
Pharyngitis, and Adenitis (PFAPA) Syndrome: Shared Features and Main Differences. Rheumatol. Int. 2019, 39, 29-36. [CrossRef]
Celiksoy, M.H.; Ogur, G.; Yaman, E.; Abur, U,; Fazla, S.; Sancak, R.; Yildiran, A. Could Familial Mediterranean Fever Gene
Mutations Be Related to PFAPA Syndrome? Pediatr. Allergy Immunol. 2016, 27, 78-82. [CrossRef]

Taniuchi, S.; Nishikomori, R.; Tharada, A.; Tuji, S.; Heike, T.; Kaneko, K. MEFV Variants in Patients with PFAPA Syndrome in
Japan. Open Rheumatol. . 2013, 7, 22-25. [CrossRef]


https://doi.org/10.1016/j.ijporl.2012.11.027
https://doi.org/10.1016/j.ijporl.2014.03.026
https://doi.org/10.1007/s10067-016-3317-7
https://doi.org/10.1016/j.jpeds.2016.08.097
https://doi.org/10.1111/apa.14792
https://doi.org/10.1111/apa.12069
https://doi.org/10.1136/archdischild-2021-322792
https://doi.org/10.1007/s11739-022-03038-1
https://doi.org/10.1007/s00296-019-04362-0
https://doi.org/10.1016/j.jaip.2023.03.014
https://doi.org/10.3389/fimmu.2017.01018
https://doi.org/10.1186/s12969-016-0101-9
https://doi.org/10.1186/s12969-018-0277-2
https://doi.org/10.1111/1756-185X.13610
https://www.ncbi.nlm.nih.gov/pubmed/31131563
https://doi.org/10.1136/annrheumdis-2019-215048
https://www.ncbi.nlm.nih.gov/pubmed/31018962
https://doi.org/10.1007/s00296-021-04827-1
https://doi.org/10.3390/cells11142231
https://doi.org/10.3389/fped.2021.800656
https://doi.org/10.1073/pnas.2002051117
https://doi.org/10.1007/s00296-018-4105-2
https://doi.org/10.1111/pai.12490
https://doi.org/10.2174/1874312901307010022

Children 2025, 12, 446 14 of 15

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Pehlivan, E.; Adrovic, A.; Sahin, S.; Barut, K.; Kul Cinar, O.; Kasapcopur, O. PFAPA Syndrome in a Population with Endemic
Familial Mediterranean Fever. J. Pediatr. 2018, 192, 253-255. [CrossRef]

Salehzadeh, F.; Vahedi, M.; Hosseini-Asl, S.; Jahangiri, S.; Habibzadeh, S.; Hosseini-Khotbesara, M. PFAPA and 12 Common
MEFV Gene Mutations Our Clinical Experience. Iran. ]. Pediatr. 2013, 1, 64—68.

Batu, E.D.; Batu, H.B. Recurrence of Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis (PFAPA) Syndrome
after Tonsillectomy: Case-Based Review. Rheumatol. Int. 2019, 39, 1099-1105. [CrossRef]

Sugimoto, K; Fyjita, S.; Miyazawa, T.; Okada, M.; Takemura, T. Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Adenitis
(PFAPA) Syndrome and IgA Nephropathy. Pediatr. Nephrol. 2013, 28, 151-154. [CrossRef]

Lopalco, G.; Cantarini, L.; Vitale, A.; lannone, F; Anelli, M.G.; Andreozzi, L.; Lapadula, G.; Galeazzi, M.; Rigante, D. Interleukin-1
as a Common Denominator from Autoinflammatory to Autoimmune Disorders: Premises, Perils, and Perspectives. Mediat.
Inflamm. 2015, 2015, 194864. [CrossRef]

Cantarini, L.; Vitale, A.; Bersani, G.; Nieves, L.M.; Cattalini, M.; Lopalco, G.; Caso, F; Costa, L.; lannone, F,; Lapadula, G.; et al.
PFAPA Syndrome and Behget’s Disease: A Comparison of Two Medical Entities Based on the Clinical Interviews Performed by
Three Different Specialists. Clin. Rheumatol. 2016, 35, 501-505. [CrossRef]

Ene, P; Damian, L.; Maniu, A.; Serban, O.; Simon, S.-P.; Rednic, S. AB0918 Prevalence of Previous Pfapa Syndrome in Behcet’s
Disease. Ann. Rheum. Dis. 2016, 75, 1216. [CrossRef]

Giirel Bedir, A.; Kilic, S.S. Clinical Characteristics and Quality of Life in Children with PFAPA Syndrome and Behget’s Disease.
Rheumatol. Adv. Pract. 2024, 9, rkaf015. [CrossRef]

Manthiram, K. What Is PFAPA Syndrome? Genetic Clues about the Pathogenesis. Curr. Opin. Rheumatol. 2023, 35, 423-428.
[CrossRef] [PubMed]

Soriano, A.; Soriano, M.; Espinosa, G.; Manna, R.; Emmi, G.; Cantarini, L.; Herndndez-Rodriguez, J. Current Therapeutic Options
for the Main Monogenic Autoinflammatory Diseases and PFAPA Syndrome: Evidence-Based Approach and Proposal of a
Practical Guide. Front. Immunol. 2020, 11, 865. [CrossRef]

Ter Haar, N.; Lachmann, H.; Ozen, S.; Woo, P; Uziel, Y.; Modesto, C.; Koné-Paut, I.; Cantarini, L.; Insalaco, A.; Neven, B.; et al.
Treatment of Autoinflammatory Diseases: Results from the Eurofever Registry and a Literature Review. Ann. Rheum. Dis. 2013,
72, 678-685. [CrossRef]

Otar Yener, G.; Aktas, 1.; Altintas Mese, C.; Cakan, M. Does Having MEFV Gene Sequence Variants Affect the Clinical Course and
Colchicine Response in Children with PFAPA Syndrome? Eur. J. Pediatr. 2022, 182, 411-417. [CrossRef] [PubMed]

Kapustova, L.; Banovcin, P.; Bobcakova, A.; Jurkova Malicherova, E.; Kapustova, D.; Petrovicova, O.; Slenker, B.; Markocsy, A.;
Oleksak, E; Vorcakova, K.; et al. The Use of Ketotifen as Long-Term Anti-Inflammatory Prophylaxis in Children with PFAPA
Syndrome. Front. Immunol. 2023, 14, 1302875. [CrossRef]

Burton, M.].; Pollard, A.].; Ramsden, ].D.; Chong, L.-Y.; Venekamp, R.P. Tonsillectomy for Periodic Fever, Aphthous Stomatitis,
Pharyngitis and Cervical Adenitis Syndrome (PFAPA). Cochrane Database Syst. Rev. 2019, 2019, CD008669. [CrossRef]

Peridis, S.; Pilgrim, G.; Koudoumnakis, E.; Athanasopoulos, 1.; Houlakis, M.; Parpounas, K. PFAPA Syndrome in Children: A
Meta-Analysis on Surgical versus Medical Treatment. Int. ]. Pediatr. Otorhinolaryngol. 2010, 74, 1203-1208. [CrossRef]
Galanakis, E.; Papadakis, C.E.; Giannoussi, E.; Karatzanis, A.D.; Bitsori, M.; Helidonis, E.S. PFAPA Syndrome in Children
Evaluated for Tonsillectomy. Arch. Dis. Child. 2002, 86, 434—435. [CrossRef]

Park, Y.H.; Wood, G.; Kastner, D.L.; Chae, ].]. Pyrin Inflammasome Activation and RhoA Signaling in the Autoinflammatory
Diseases FMF and HIDS. Nat. Immunol. 2016, 17, 914-921. [CrossRef]

Bagrul, i; Aydin, E.A ; Tuncez, S.; Baglan, E.; Ozdel, S.; Biilbiil, M. Effect of Colchicine Treatment on Clinical Course in Children
with PFAPA Syndrome. Klin. Pidiatr. 2024, 236, 296-300. [CrossRef]

Quintana-Ortega, C.; Seoane-Reula, E.; Fernandez, L.; Camacho, M.; Olbrich, P.; Neth, O.; Murias, S.; Udaondo, C.; Remesal, A;
Calvo, C,; et al. Colchicine Treatment in Children with Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis
(PFAPA) Syndrome: A Multicenter Study in Spain. Eur. |. Rheumatol. 2021, 8, 73-78. [CrossRef]

Cabras, M.; Carrozzo, M.; Gambino, A.; Broccoletti, R.; Sciascia, S.; Baldovino, S.; Arduino, P.G. Value of Colchicine as Treatment
for Recurrent Oral Ulcers: A Systematic Review. |. Oral Pathol. Med. 2020, 49, 731-740. [CrossRef]

Butbul Aviel, Y.; Tatour, S.; Gershoni Baruch, R.; Brik, R. Colchicine as a Therapeutic Option in Periodic Fever, Aphthous
Stomatitis, Pharyngitis, Cervical Adenitis (PFAPA) Syndrome. Semin. Arthritis Rheum. 2016, 45, 471-474. [CrossRef]
Raeeskarami, S.R.; Sadeghi, P.; Vahedi, M.; Asna Ashari, K.; Mousavi, T.M.; Ziaee, V. Colchicine Versus Cimetidine: The Better
Choice for Periodic Fever, Aphthous Stomatitis, Pharyngitis, Adenitis (PFAPA) Syndrome Prophylaxis, and the Role of MEFV
Gene Mutations. Pediatr. Rheumatol. 2022, 20, 72. [CrossRef]

Amarilyo, G.; Rothman, D.; Manthiram, K.; Edwards, KM.; Li, S.C.; Marshall, G.S.; Yildirim-Toruner, C.; Haines, K.; Ferguson,
PJ.; Lionetti, G.; et al. Consensus Treatment Plans for Periodic Fever, Aphthous Stomatitis, Pharyngitis and Adenitis Syndrome
(PFAPA): A Framework to Evaluate Treatment Responses from the Childhood Arthritis and Rheumatology Research Alliance
(CARRA) PFAPA Work Group. Pediatr. Rheumatol. 2020, 18, 31. [CrossRef]


https://doi.org/10.1016/j.jpeds.2017.08.078
https://doi.org/10.1007/s00296-019-04310-y
https://doi.org/10.1007/s00467-012-2295-5
https://doi.org/10.1155/2015/194864
https://doi.org/10.1007/s10067-015-2890-5
https://doi.org/10.1136/annrheumdis-2016-eular.6025
https://doi.org/10.1093/rap/rkaf015
https://doi.org/10.1097/BOR.0000000000000956
https://www.ncbi.nlm.nih.gov/pubmed/37467064
https://doi.org/10.3389/fimmu.2020.00865
https://doi.org/10.1136/annrheumdis-2011-201268
https://doi.org/10.1007/s00431-022-04709-z
https://www.ncbi.nlm.nih.gov/pubmed/36376520
https://doi.org/10.3389/fimmu.2023.1302875
https://doi.org/10.1002/14651858.CD008669.pub3
https://doi.org/10.1016/j.ijporl.2010.08.014
https://doi.org/10.1136/adc.86.6.434
https://doi.org/10.1038/ni.3457
https://doi.org/10.1055/a-2274-9046
https://doi.org/10.5152/eurjrheum.2020.20102
https://doi.org/10.1111/jop.13020
https://doi.org/10.1016/j.semarthrit.2015.07.005
https://doi.org/10.1186/s12969-022-00733-3
https://doi.org/10.1186/s12969-020-00424-x

Children 2025, 12, 446 15 of 15

71.  Luu, I; Nation, J.; Page, N.; Carvalho, D.; Magit, A ; Jiang, W.; Leuin, S.; Bliss, M.; Bothwell, M.; Brigger, M.; et al. Undifferentiated
Recurrent Fevers in Pediatrics Are Clinically Distinct from PFAPA Syndrome but Retain an IL-1 Signature. Clin. Immunol. 2021,
226,108697. [CrossRef] [PubMed]

72. Papa, R,; Penco, F; Volpi, S.; Sutera, D.; Caorsi, R.; Gattorno, M. Syndrome of Undifferentiated Recurrent Fever (SURF): An
Emerging Group of Autoinflammatory Recurrent Fevers. J. Clin. Med. 2021, 10, 1963. [CrossRef] [PubMed]

73.  Broderick, L.; Hoffman, H.M. Pediatric Recurrent Fever and Autoinflammation from the Perspective of an Allergist/Immunologist.
J. Allergy Clin. Immunol. 2020, 146, 960-966.€2. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.clim.2021.108697
https://www.ncbi.nlm.nih.gov/pubmed/33636366
https://doi.org/10.3390/jcm10091963
https://www.ncbi.nlm.nih.gov/pubmed/34063710
https://doi.org/10.1016/j.jaci.2020.09.019

	Introduction 
	Methodology 
	Pathophysiology 
	Clinical Manifestations and Epidemiology 
	Diagnosis 
	Differential Diagnosis 
	Associations Between PFAPA and FMF 
	Associations Between PFAPA and Behcet Disease 
	Management of PFAPA 
	Disease Course and Prognosis 
	PFAPA and Undifferentiated Recurrent Fever Syndrome (SURF) 
	Conclusions 
	References

