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Cytokine profile in PFAPA syndrome suggests continuous
inflammation and reduced anti-inflammatory response
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ABSTRACT. PFAPA syndrome is characterized by periodic episodes of high fever, aphthous stomatitis,
pharyngitis, and/or cervical adenitis. It is of unknown etiology and manifests usually before 5 years of age. We
determined serum and intracellular cytokine levels in six PFAPA patients (4 males, 2 females, mean age 8 years
(£ 1.2 SEM), range 4-13) during the symptom-free period as well as 6-12 hours and 18-24 hours after fever onset.
Values were compared to age-matched, healthy controls. Febrile PFAPA attacks led to a significant increase in
IL-6 and IFN-y serum concentrations compared to symptom-free periods and to controls, with IL-1f, TNF-a and
IL-12p70 levels being significantly higher than in controls. Lymphocytic IFN-y and CD8+ IL-2 production was
consistently significantly elevated compared to healthy children. During the asymptomatic period, serum
concentrations of IL-1B, IL-6, TNF-o and IL-12p70 were significantly increased compared to controls.
Intracellular TNF-o synthesis was not elevated at any time point. Soluble TNFRpSS levels were even lower in
between febrile episodes, reaching values comparable to controls during attacks, whereas soluble TNFRp75 levels
increased during attacks compared to healthy children. Anti-inflammatory IL-4 in serum was at all times lower
in PFAPA patients compared to controls with no difference in levels of intracellular IL-4 and IL-10 or serum
IL-10. The observed increase of pro-inflammatory mediators, even between febrile attacks, suggests a dysregu-
lation of the immune response in PFAPA syndrome, with continuous pro-inflammatory cytokine activation and a
reduced anti-inflammatory response.
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Autoinflammatory diseases are defined by seemingly un-
provoked attacks of multisystemic inflammation without
underlying infection or autoantibody formation [1]. The
periodic fever syndromes (PFS) encompass a group of
diseases characterized by recurring bouts of fever. Sub-
types include hereditary familial Mediterranean fever
(FMF), hyperimmunoglobulinemia D and periodic fever
syndrome (HIDS) as well as the TNF receptor 1-associated
and cryopyrin-associated periodic syndromes (TRAPS
and CAPS, respectively) [2].

Most hereditary PFS are due to mutations in molecules of
the pyrin and tumor necrosis factor receptor superfamilies,
which are involved in innate immunity. The PFAPA (peri-
odic fever, aphthous stomatitis, pharyngitis, cervical ad-
enitis) syndrome, in contrast, is a PFS of unknown etiology
that was first described in 1987 by Marshall et al. [3]. More
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than 200 patients have been reported worldwide. PFAPA is
characterized by periodic episodes of high fever, lasting
3-6 days and recurring every 3-8 weeks, accompanied by
aphthous stomatitis, pharyngitis, and/or cervical adenitis.
Other symptoms that may be present during fever attacks
include headache, nausea, vomiting, and abdominal pain
[4-9]. Disease onset occurs mainly before the age of 5
years. Fever episodes are associated with leukocytosis
(with a shift to the left), as well as elevated erythrocyte
sedimentation rates (ESR) and C-reactive protein (CRP)
levels. PFAPA is defined on clinical grounds, and the
diagnosis is one of exclusion due to the lack of specific
laboratory results.

Fever with an associated acute-phase reaction is the most
prominent systemic manifestation of inflammation, and
cytokines secreted by activated monocytes, T-lymphocytes
and other cells are known to be involved in various inflam-
matory reactions. Evaluation of the cytokine network in
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FMF [10-13], HIDS [14-17], TRAPS [18, 19] and CAPS
[20-23] patients, points to differences in cytokine activa-
tion and to disordered interleukin 1 (IL-1) processing. The
only information available with regard to cytokine levels in
PFAPA is an increase in interferon-y (IFN-y), tumor necro-
sis factor a (TNF-0) and IL-6 concentrations during at-
tacks [4]; however, detailed results, especially with regard
to the course of cytokine expression, have not been pub-
lished.

In PFAPA, each attack can be immediately resolved with
one or two doses of prednisone. In about 30% of cases,
treatment with cimetidine can lead to disease cessation [4,
24]. Due to immunomodulating properties of prednisone, a
potent anti-inflammatory agent, and cimetidine, an H2
receptor antagonist, which inhibits suppressor T (CD8+)
lymphocytes [25], we determined peripheral blood lym-
phocyte cytokine production in order to answer the ques-
tion of whether disturbed cytokine synthesis plays a role in
the PFAPA syndrome. We studied the ex vivo production of
TNF-a, IFN-y, IL-2, IL-10 and IL-4 in CD4+ and CD8+
lymphocytes by serial measurements. Simultaneously, we
analysed the ex vivo synthesis of the inflammatory media-
tors C-reactive protein (CRP), TNF-a, IL-18, IL-6, IL-12,
IFN-vy and IL-2, and determined the concentration of the
anti-inflammatory cytokines IL-4 and IL-10 and of the
soluble TNF receptors p55 (sTNFRSF1A) and p75
(sTNFRSF1B).

PATIENTS AND METHODS

Patients

Six patients (four boys and two girls) seen at the University
Children’s Hospital in Munich, Germany, were included in
this study. The diagnosis of PFAPA was made according to
the standard clinical criteria: 1) periodic fever (> 38.5°C)
accompanied by aphthous stomatitis, and/or pharyngitis,
and/or cervical lymphadenitis; 2) age of onset before 5
years; 3) exclusion of infection, rheumatic diseases, pri-
mary immunodeficiency and cyclic neutropenia; 4) com-
pletely asymptomatic intervals between episodes; 5) nor-
mal growth and development [4].

DNA was extracted from each patient’s leukocytes, and
sequence analysis of all exons of the TNFRSFIA, MVK,
and MEFV genes and of exon 3 of the CIAS] gene was
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performed in order to exclude the hereditary PFS TRAPS,
HIDS, FMF and CAPS, respectively.

Patients were instructed to present during a symptom-free
period and within 12 hours of onset of an attack defined by
febrile temperatures (> 38.5°C) and signs of active disease.
A symptom-free period, in contrast, was the absence of any
symptoms for at least 10 days. Physicians experienced in
the diagnosis of PFAPA interviewed and examined each
patient at each visit. Blood samples for measurement of
acute-phase reactants and cytokines were drawn during the
symptom-free period (SFP) as well as 6-12 hours (F1) and
18-24 hours (F2) after the onset of an attack. These time
points were chosen in view of the half-life of the cytokines
and the duration of the patients fever episodes, in order to
detect early changes in the cytokine profile. Patients were
not allowed to take steroids during the study period. Only
non-steroidal anti-inflammatory drugs were given follow-
ing the blood sampling during an attack. To exclude infec-
tions caused by common bacterial and viral antigens, mi-
crobiological analyses of throat swabs were performed,
and antibody titres to viral antigens were determined dur-
ing and in-between attacks.

The mean age of the six patients at the time of sampling
was 8 years (1.2 SEM; range 4—13). The mean interval
between blood sampling during the symptom-free period
and the previous febrile attack was 17 days (+ 3.4 SEM;
range 11-33). Febrile episodes lasted 2.5 to 6.5 days with
intervals of the symptom-free period ranging from 3.5 to
6.0 weeks. Fever attacks were accompanied by at least
adenitis and pharyngitis in all patients. A summary of the
demographic data and main clinical features is presented
in table 1.

The study was approved by the Ethics Committee of the
Medical Faculty of the Ludwig-Maximilians-University
Munich, and was performed according to the most recent
version of the Declaration of Helsinki. Written informed
consent was obtained from the parents of all patients and
age-matched healthy controls prior to enrollment.

Processing of blood samples

Blood samples were drawn from a peripheral vein into an
endotoxin-free tube containing sodium heparin and into a
serum tube (Sarstedt, Niirnbrecht, Germany). To avoid
spontaneous ex vivo cytokine production and release,
tubes for determination of serum cytokine levels were

Table 1
Demographics and clinical data of the six PFAPA patients

Patient Sex Age at onset Duration of Duration of Maximum Cervical Pharyngitis  Aphthous
ID (years) attacks (days) symptom-free  temperature (°C) adenitis stomatitis
intervals (weeks)
1 F 2.0 4.0 3.5 40.0 + + -
2 M 0.9 2.5 3.5 40.1 + + -
3 M 0.7 4.0 6.0 41.0 + + -
4 F 4.1 3.5 6.0 40.9 + + +
5 M 3.7 6.5 6.0 40.9 + + -
6 M 2.0 4.0 6.0 40.6 + + -

Abbreviations: M, male; F, female; +, present; - absent.
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centrifuged immediately (225 g for 10 min), and the serum
was kept frozen (-70°C) until measured.

Determination of lymphocytic cytokine synthesis by
flow cytometry

Heparinized (1:1000) venous blood was collected under
sterile conditions and analysed within 4-6 hours after
blood withdrawal. Control values were obtained from 20
age-matched healthy children (15 males, 5 females; mean
age 7.4 years, + 0.69 SEM; range 4-13) without signs of
acute infection, a history of atopy or medication, who were
due to undergo elective surgery.

For ex vivo cell stimulation, 4 x 100 uL of blood from each
subject were diluted to 1:10 with RPMI 1640 culture
medium containing 10% heat-inactivated fetal calf serum
(FCS). The kinetics of cytokine production were investi-
gated by analysing unstimulated cells and cells stimulated
with phorbol 12-myristate 13-acetate (PMA; Sigma, Mu-
nich, Germany) plus ionomycin (Sigma) in the presence of
monensin (Sigma) for 6 hours at 37°C in a 5% CO,
atmosphere.

Intracellular antibody staining was performed according to
Jung et al. [26] and Prussin er al. [27, 28] with slight
modifications. Stimulated cells were washed twice in
3 mL of phosphate-buffered saline (PBS)/5% FCS, and red
cells were lysed with 500 pL formaldehyde-fixing solution
for 10 minutes at 4°C. After centrifugation (1250 rpm/min,
5 min, 4°C), the supernatant was decanted, and the cells
washed twice with PBS/5% FCS. The next day, cells were
washed once, resuspended in 1 mL permeabilisation
buffer (PBS with 5% FCS and 5% saponin), incubated for
10 minutes at 4°C and washed once in permeabilisation
buffer; 50-uL aliquots of unstimulated and stimulated cul-
tures were incubated at 4°C for 25 minutes with the cell
surface markers CD3 PerCP (Peridinin-chlorophyll-
protein complex) (IgG2a) (Becton Dickinson, Heidelberg,
Germany) and CD8 FITC (Fluorescein) (IgG1) (Coulter
Immunotech, Krefeld, Germany) as well as the phyco-
erythrin (PE)-labelled anti-cytokine monoclonal antibod-
ies TNF-a (IgGl), IFN-y (IgGl), IL-2, IL-10 and IL-4
(IgG1) (Coulter Immunotech) and the respective isotype
control antibodies (IgGl + IgG2a, Becton Dickinson,
Heidelberg, Germany). Stained cells were washed and
resuspended in 250 pL fixing solution containing 4%
paraformaldehyde.

The intensity of fluorescence was analysed by flow cytom-
etry using a FACScan flow cytometer and the CellQuest
software (Becton Dickinson). For each analysis, a lympho-
cyte gate was defined using dot-plot graphs of forward-
scatter versus side-scatter. Dot plot quadrant statistics were
set on the basis of CD8+ (FL-1, FITC) or CD8-/CD4+
T-cells versus cytokine fluorescence (FL-2). This was done
because PMA/ionomycin stimulation can cause down-
regulation of CD4 expression, thereby skewing the results
for CD4+ cells [29]. Cytokine-positive CD4+ or CD8+
T-cells were defined by setting regions with the lower
limits for cytokine positivity determined from the unstimu-
lated cultures. Data were expressed as the percentage of
CD4+ or CD8+ cells within the lymphocyte gate positive
for each cytokine.
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Cytometric bead array (CBA) immunoassay
for determination of circulating cytokines

The Th1/Th2- and Inflammatory Cytometric Bead Arrays
(CBA, Becton Dickinson) were used for serum cytokine
detection of IFN-y, TNF-a, IL-1p, IL-2, IL-4, IL-6, IL-10
and IL-12 as previously described [30]. The sensitivity of
the arrays with 5-10 pl sample volumes was 15.6 pg/mL
(IFN-y), 3.7 pg/mL (TNF-a), 7.2 pg/mL (IL-1B), 6.6
pg/mL (IL-2), 6.5 pg/mL (IL-4), 2.5 pg/mL (IL-6), 3.3
pg/mL (IL-10) and 1.9 pg/mL (IL-12). Control values were
obtained from 15 healthy children with no overt signs of
inflammation or atopy (7 males, 8 females; mean age 7.9
years (+ 0.6 SEM), range 4 to 12).

Determination of soluble TNF receptors

Soluble TNF receptors p55 and p75 were measured auto-
matically on a CobasCore analyzer (Roche, Switzerland)
with enzyme-linked immunobinding assays (Biosource
Europe, Belgium). The receptor assay has a detection limit
of 100 pg/mL, and is not affected by the presence of free or
unbound TNF at a concentration below 10 ng/mL [31].

Determination of leukocytes, C-reactive protein,
and erythrocyte sedimentation rate

Leukocyte counts between 5000 and 15500/uL. were con-
sidered to be within the normal range. ESR measured by
the Westergreen method was recorded within 1 hour. Rates
of 0-15 mm/h were considered to be within the normal
range. Serum levels of CRP, determined by an immunotur-
bidimetric assay from Roche, were considered to be nor-
mal below 0.5 mg/dL.

Statistical analysis

Paired and unpaired t-tests were applied where either was
appropriate. When the unpaired t-test was used, an initial
Levene test for equality of variances was done, followed
by the Welch adjustment, as needed. Due to the small
sample size (n = 6 paired or unpaired outcomes), the study
results should be considered as exploratory, so no multiple
testing adjustments were made (see fables 2 and 3). Pro-
gramming was done using SPSS® 12.0 for Windows.

RESULTS

The febrile episodes experienced by the six PFAPA pa-
tients included in this study were characterized by a strong
acute-phase reaction which normalized in between attacks
(table 2). Leukocytes and ESR increased significantly
6-12 hours after fever onset compared to the symptom-free
period, while CRP levels and ESR showed a significant
rise 18-24 hours after the start of the febrile episode.

The results of the serum cytokine levels are shown in
table 3. Febrile attacks were associated with a significant
increase in IL-6 and IFN-y plasma concentrations 6-12
hours after fever onset. IL-6 and INF-y, as well as IL-1§,
TNF-a and IL-12p70, were significantly increased when
comparing the patient group during an attack with the
control group. PMA-stimulated lymphocytic cytokine
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Table 2
Leukocytes and acute-phase reactant levels of the six PFAPA patients studied before and during a febrile attack

Leukocytes (10%/ul)

N Mean SEM p value 95% CI
SFP vs 5 6.3 +0.9 0.019 -8.4;-1.3
F1 5 11.1 +0.9
SFP vs 5 6.6 +0.8 0.052 -7.9;0.06
F2 5 10.5 +0.9
Flvs 4 11.7 +0.9 0.368 27,54
F2 4 10.3 +1.1

CRP (mg/dL)

N Mean SEM p value 95% CI
SFP vs 5 0.09 +0.02 0.054 -5.6;-0.07
F1 5 2.8 +1.0
SFP vs 4 0.09 +0.02 0.007 -12.8;-4.6
F2 4 8.8 +1.3
Flvs 3 4.0 +1.2 0.024 -6.2;-1.2
F2 3 7.7 +0.8

ESR (mm/h)

N Mean SEM p value 95% CI
SFP vs 5 14.4 +5.6 0.023 -20.2;-2.6
Fl1 5 25.8 +3.6
SFP vs 4 14.0 +73 0.031 -29.6;-2.8
F2 4 30.2 +33
Flvs 3 26.7 +5.8 0.130 -13.6;3.6
F2 3 31.7 +4.2

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; SFP, symptom-free period; F1, 6-12 hours after fever onset; F2, 18-24 hours after fever onset;

SEM, standard error of mean; CI, confidence interval of the difference.

production during F2 demonstrated a significantly in-
creased IFN-y synthesis in CD4+ lymphocytes compared
to F1 and controls (26.7% F2,21.5% F1;p = 0.041; 15.9%
controls; p = 0.030) (figure 1A). Increased percentages of
CD8+T cells expressed IFN-y (46.5% F2, 27.9% controls;
p =0.029) and IL-2 (4.8% F2, 1.5% controls; p = 0.015)
during F2 compared to healthy children (figure 1A, B).
We found no significant correlation between serum or
intracellular cytokines and the length of the interval be-
tween the symptom-free period and the preceding attack in
our PFAPA patients (data not shown). During their
symptom-free periods, PFAPA patients had significantly
elevated pro-inflammatory IL-1f, IL-6, TNF-a and IL-
12p70 plasma levels in comparison to controls (table 3).
No spontaneous IFN-vy cytokine production was observed
in between episodes, and the serum IFN-y levels were
significantly lower than the normal values, whereas lym-
phocytic INF-y was significantly increased within CD4+
cells (SFP 22.7%, controls 15.9%; p = 0.010) (figure 1A).
No increase in lymphocytic ex vivo synthesis of TNF-a
was demonstrable at any time point, for neither CD4+ nor
CD8+ lymphocytes (figure 1C).

Anti-inflammatory IL-10 and IL-4 serum levels (table 3)
did not differ significantly between fever episodes and
symptom-free periods, with IL-4 levels being significantly
lower during the symptom-free periods and F2 compared
to healthy controls. Intracellular IL-4 and IL-10 produc-
tion by lymphocytes was not inducible during any disease
state (figure 1D, E). Soluble TNF receptors showed an
increase during febrile episodes, which was significant for
STNFRp55 18-24 hours after fever onset compared to the
symptom-free period, and for sSTNFRp75 during attacks in
comparison to controls (fable 3)). However, sSTNFRp55

secretion was significantly lower during the symptom-free
period compared to healthy controls, reaching control val-
ues only during febrile episodes (table 3).

DISCUSSION

We performed serial measurements of a broad range of
serum cytokines, and determined their ex vivo production
in peripheral blood lymphocytes from six children with the
PFAPA syndrome. During febrile episodes, patients
showed a marked increase in the acute-phase parameters
CRP and ESR, as reported in previous studies [4, 5, 7].
Although the acute-phase reactants completely normal-
ized between febrile episodes, serum levels of pro-
inflammatory cytokines IL-1f, IL-6, TNF-o and IL-12
remained elevated in patients compared to healthy con-
trols. This observation is important for the prognosis and
patient management, as elevated acute-phase parameters
between attacks are associated with an increased risk of
amyloidosis in FMF and TRAPS patients [32]. Up to now,
amyloidosis has not been described in PFAPA. Whether
this is attributable to cessation of the disease in adulthood,
thereby reducing the overall period of inflammation, or
because the pro-inflammatory cytokine stimulus during
the afebrile interval was not high enough to induce acute-
phase parameters, needs further investigation.

A key player in the febrile response is IL-1f, leading to
fever, neutrophilia as well as elevated acute-phase proteins
and circulating IL-6 levels [33, 34]. Disordered IL-1 pro-
cessing has recently been shown to be involved in the
pathogenesis of hereditary PFS [1, 2, 34]. Our data suggest
that a dysregulated production of IL-1f could play a criti-
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Table 3
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Circulating cytokine levels of 15 healthy controls (7 males, 8 females; mean age 7.9 years, + 0.6 SEM, range 4-12) and of the six PFAPA
patients during and in between febrile episodes

IL-6 (pg/mL) IL-2 (pg/mL)

N Mean SEM p value 95% CI N Mean SEM p value 95% CI
Controls vs 15 2.6 +0.5 0.001 -38.3;-11.3 Controls vs 15 2.0 +0.6 0.659 -4.2;2.8
PFAPA_SFP 6 274 +10.5 PFAPA_SFP 6 2.6 +1.3
Controls vs 15 2.6 +0.5 < 0.001 -86;-69.2 Controls vs 15 2.0 +0.6 0.374 -4.6; 1.9
PFAPA_F1 6 80.2 +159 PFAPA_F1 6 33 +1.3
Controls vs 15 2.6 +0.5 <0.001 -177.4;-68.6 Controls vs 15 2.0 +0.6 0.004 0.7;3.2
PFAPA_F2 5 125.6 +47.6 PFAPA_F2 5 0.0 +0.0
PFAPA_SFP vs 6 274 +10.5 0.008 -84.6; -21 PFAPA_SFP vs 6 2.6 +1.3 0.607 -3.6;2.3
PFAPA_F1 6 80.2 +6.5 PFAPA_F1 6 33 +1.3
PFAPA_SFP vs 5 303 +12.4 0.07 -203.3;12.6 PFAPA_SFP vs 5 22 +1.6 0.232 -2.1;6.6
PFAPA_F2 5 125.6 +47.6 PFAPA_F2 5 0.0 +0.0
PFAPA_F1 vs 5 79.8 +79 0.363 -169.4;77.9 PFAPA_F1 vs 5 33 +1.5 0.097 -0.9;7.6
PFAPA_F2 5 125.6 +47.6 PFAPA_F2 5 0.0 +0.0

IL-1p (pg/mL) IL-4 (pg/mL)

N Mean SEM pvalue  95% CI N Mean SEM pvalue  95% CI
Controls vs 15 14 +0.4 0.001 -109; -30.6 Controls vs 15 11.9 +1.0 0.004 3.7;14.0
PFAPA_SFP 6 712 +30.8 PFAPA_SFP 6 3.1 +2.0
Controls vs 15 1.4 +0.4 <0.001  -110.4;-52.6 Controls vs 15 11.9 +1.0 0.069 -0.5;10.8
PFAPA_F1 6 829 +22.7 PFAPA_F1 6 6.8 +22
Controls vs 15 14 +04 <0.001 -118.2:-41.9 Controls vs 15 11.9 +1.0 0.001 3.6;10.8
PFAPA_F2 5 81.5 +33.4 PFAPA_F2 5 4.7 +12
PFAPA_SFP vs 6 712 +30.8 0.585 -63.2;39.8 PFAPA_SFP vs 6 3.1 +2.0 0.299 -11.8:4.5
PFAPA_F1 6 82.9 +22.7 PFAPA_F1 6 6.8 +22
PFAPA_SFP vs 5 83.0 +34.9 0.955 -69.9;73.0 PFAPA_SFP vs 5 3.7 +2.3 0.594 -5.8;3.8
PFAPA_F2 5 81.5 +33.4 PFAPA_F2 5 4.7 +1.2
PFAPA_F1 vs 5 824 +27.8 0.931 -25.4;27.1 PFAPA_F1 vs 5 6.1 +2.5 0.58 -4.8;7.5
PFAPA_F2 5 81.5 +33.4 PFAPA_F2 5 4.7 +12

TNF-a (pg/mL) IL-10 (pg/mL)

N Mean SEM p value 95% CI N Mean SEM p value 95% CI
Controls vs 15 3.7 +0.4 0.030 -9.1;-0.7 Controls vs 15 13.7 +2.8 0.272 -3.6; 12
PFAPA_SFP 6 8.6 +1.6 PFAPA_SFP 6 9.5 +2.4
Controls vs 15 3.7 +0.4 0.006 -7;-1.7 Controls vs 15 13.7 +2.8 0.401 -15.8;6.9
PFAPA_F1 6 8.1 +1.0 PFAPA_F1 6 18.1 +42
Controls vs 15 37 +0.4 0.001 -9.5;-2.7 Controls vs 15 13.7 +2.8 0.796 -10;7.8
PFAPA_F2 5 9.8 +2.7 PFAPA_F2 5 14.8 +3.0
PFAPA_SFP vs 6 8.6 +1.6 0.741 -3.3;43 PFAPA_SFP vs 6 9.5 +24 0.138 -21.3;4.0
PFAPA_F1 6 8.1 +1.0 PFAPA_F1 6 18.1 +42
PFAPA_SFP vs 5 9.2 +19 0.636 -4.0;2.7 PFAPA_SFP vs 5 11.4 +1.8 0.28 -10.9;4.1
PFAPA_F2 5 9.8 +2.7 PFAPA_F2 5 14.8 +3.0
PFAPA_F1 vs 5 79 +13 0.383 -7.4;3.5 PFAPA_F1 vs 5 18.9 +5.1 0.561 -14.1;22.4
PFAPA_F2 5 9.8 +2.7 PFAPA_F2 5 14.8 +3.0

1L-12p70 (pg/mL) sTNFRp55 (ng/mL)

N Mean SEM p value 95% CI N Mean SEM p value 95% CI
Controls vs 15 12.2 +2.6 0.002 -107.4;-29.5 Controls vs 13 2.0 +0.1 0.036 0.04;0.8
PFAPA_SFP 6 80.7 +29.9 PFAPA_SFP 5 1.5 +0.1
Controls vs 15 12.2 +2.6 0.006 -124.6;-24.2 Controls vs 13 2.0 +0.1 0.517 -0.8;0.5
PFAPA_F1 6 86.6 +38.9 PFAPA_F1 5 2.1 +0.2
Controls vs 15 12.2 +2.6 0.024 -146.2;-11.6 Controls vs 13 2.0 +0.1 0.169 -1.0; 0.2
PFAPA_F2 5 91.1 +58.2 PFAPA_F2 4 23 +0.2
PFAPA_SFP vs 6 80.7 +29.9 0.722 -46.4;34.5 PFAPA_SFP vs 4 1.5 +0.2 0.11 -1.0;0.2
PFAPA_F1 6 86.6 +38.9 PFAPA_F1 4 1.9 +0.04
PFAPA_SFP vs 5 84.3 +36.3 0.82 -84.2;70.7 PFAPA_SFP vs 3 1.6 +0.2 0.014 -0.8;-0.3
PFAPA_F2 5 91.1 +58.2 PFAPA_F2 3 22 +0.2
PFAPA_F1 vs 5 85.8 +47.6 0.658 -35.9;254 PFAPA_F1 vs 4 22 +0.3 0.546 -0.7;0.5
PFAPA_F2 5 91.1 +58.2 PFAPA_F2 4 2.3 +0.2

IFN-y (pg/mL) STNFRp75 (ng/mL)

N Mean SEM p value 95% CI N Mean SEM p value 95% CI
Controls vs 15 13.1 +1.2 < 0.001 9.2;17.0 Controls vs 13 3.9 +0.2 0.342 -1.1; 0.4
PFAPA_SFP 6 0.0 +0.0 PFAPA_SFP 5 43 +0.2
Controls vs 15 13.1 +12 <0.001 -211.6;-78.6 Controls vs 13 3.9 +0.2 0.012 -3.6;-0.5
PFAPA_F1 6 158.2 +52.2 PFAPA_F1 5 6.0 +1.1
Controls vs 15 13.1 +1.2 <0.001 -158.2;-56.5 Controls vs 13 3.9 +0.2 <0.001 -4.0;-1.4
PFAPA_F2 5 120.5 +44.3 PFAPA_F2 4 6.6 +0.8
PFAPA_SFP vs 6 0.0 +0.0 0.029 -292.5;-23.9 PFAPA_SFP vs 3 4.4 +0.4 0.428 -4.5:2.8
PFAPA_F1 6 1582 +52.2 PFAPA_F1 3 52 +1.1
PFAPA_SFP vs 5 0.0 +0.0 0.053 -243.5:2.6 PFAPA_SFP vs 3 4.4 +0.4 0.096 -4.4;0.8
PFAPA_F2 5 120.5 +44.3 PFAPA_F2 3 6.2 +1.0
PFAPA_F1 vs 5 130.2 +54.0 0.887 -169.4; 188.9 PFAPA_F1 vs 4 6.0 +1.1 0.193 -1.9;0.6
PFAPA_F2 5 120.5 +443 PFAPA_F2 4 6.6 +0.8

Abbreviations: PFAPA_SFP, symptom-free period of PFAPA patients; PFAPA_F1, 6-12 hours after fever onset; PFAPA F2, 18-24 hours after fever onset; SEM, standard error of mean; CI,
confidence interval of the difference.
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calrole in PFAPA, as we detected increased IL-1f3 and IL-6
serum levels in between and during febrile episodes com-
pared to healthy controls.

Given the slightly, albeit significant, increased serum lev-
els of TNF-a, another major endogenous pyrogen, show-
ing no differences in intracellular levels during attacks in
comparison to the control population, it is remarkable that
concentrations of its soluble receptor sSTNFRp55 were
even lower during the symptom-free period, reaching lev-
els comparable to controls only during attacks. Although
lymphocytes are not the major source of TNF-a, which
could explain the lack of production in these cells, based
on our serum findings, we hypothesize that TNF-a might
not be a key player in the pathogenesis of PFAPA.

Even 6 to 12 hours after fever onset, patients showed a
sharp rise in circulating IFN-y, accompanied by increased
lymphocytic IFN-y and CD8+ IL-2 production 18-24
hours after the start of an attack, suggesting a Th1 activa-
tion. Between attacks however, the serum IFN-y concen-
trations of our patients were significantly lower compared
to healthy controls, while the intracellular production ca-
pacity of their CD4+ lymphocytes for IFN-y was in-
creased. During the course of our study, Aypar et al. [35]
published a report on intracellular IFN-y and IL-4 mea-

surements in lymphocytes of FMF patients, indicating a
Th1 polarization due to an increased percentage of IFN-vy-
positive T-cells compared to healthy controls. However,
there were no differences with regard to the IL-4 produc-
tion of T-cells between FMF patients and healthy controls.
Increased serum levels of IFN-y have also been described
for HIDS [15, 16], thus suggesting a common IFN-vy acti-
vation in these PFS.

Under physiological conditions, febrile attacks are fol-
lowed by arise in anti-inflammatory molecules to counter-
act an exaggerated inflammation. As IFN-y is also known
to suppress the synthesis of IL-4 and IL-10, the failure of
these anti-inflammatory cytokines to increase in our
PFAPA patients could indicate a critical role of the highly
elevated intracellular and circulating IFN-y levels during
fever episodes in PFAPA. Nevertheless, there is a slight
chance that this result could be due to the small number of
patients investigated. However, our assumption that IFN-y
is a potential key player in PFAPA is supported by the fact
that cimetidine, which has a suppressive effect on CD8+
cells (another source of IFN-7), can influence the disease
course by inducing complete remission.

The cytokine changes observed in our patients which are
characterized by a continuous, pro-inflammatory cytokine
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activation and a reduced anti-inflammatory response, sug-
gest a dysregulated innate and adaptive immunity in
PFAPA. These results may help to elucidate the patho-
physiological basis of this, still obscure, syndrome.
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