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The periodic fever,
pharyngitis, and cervical
syndrome is

aphthous stomatitis,
adenitis
an autoinflammatory disease

ABSTRACT

Objectives: This study aimed to extend the literature by analyzing immunoglobulin (Ig) A, IgE,
19G, 19G2, 1gG3, and IgM antibody levels in periodic fever, aphthous stomatitis, pharyngitis, and
cervical adenitis (PFAPA) patients.

Patients and methods: This study retrospectively analyzed the antibody test results of
20 pediatric patients (10 males, 10 females; mean age: 2.5£1.5 years; range, 0.5 to 5.4 years)
with and without flare who were initially evaluated for a number of underlying diseases
due to periodic fever/infectious symptoms but then diagnosed with PFAPA between
January 2015 and December 2020. Antibody levels were determined by chemiluminescence
microparticle immunoassay. The results were retrospectively compared with a group of healthy
children after the PFAPA diagnosis was confirmed.

Results: The chemiluminescence microparticle immunoassay revealed 35%, 65%, 20%, 86.6%,
and 55% of PFAPA cases with low serum levels of IgA, IgG, 1gG2, IgG3, and IgM respectively,
while 56.2% had high IgE levels. Moreover, low serum levels of at least two antibody classes or
subclasses were reported in 80% of the PFAPA children. While cases with low IgG serum levels
were with the highest incidence rates among the low IgG3 PFAPA patient population, both high
IgE and low IgM cases were common in the rest of the patients.

Conclusion: Our results suggest an association between PFAPA and low serum antibody levels,
particularly of IgG3. Future studies are needed to confirm our conclusion.
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genetic predisposition to the disorder.3* Previously
demonstrated risk mutations for PFAPA included
those associated with inflammasome and immune

(PFAPA)

named according to its characteristic fever flares
associated with pharyngitis, adenitis, or aphthous
stomatitis in the absence of any infection and is
the most common cause of periodic fever among
children population. It is a self-limited condition
of early childhood (below 5 years of age) that can
be managed most effectively by corticosteroids
and tonsillectomy and generally fades away before
adulthood.!

While the syndrome was initially thought to be
a monogenic autoinflammatory disease, exome
sequencing results revealed no common mutation
shared by the PFAPA patients.? Nevertheless, the
higher prevalence of the syndrome among family
members with PFAPA implies the inheritance of

dysregulation, such as NLRP3, CARDS, IL-12A,
STAT4, IL10, and CCR1-CCR3.>12 HLA (human
leukocyte antigen) alleles were also suggested as
risk factors for PFAPA ' which further implies a
possible role played by microbial organisms. This
was further supported by studies showing altered
tonsillar microbial population between PFAPA
and control subjects.!3* Nevertheless, today there
is no microorganism or external/internal factor
identified as the cause of the syndrome.

PFAPA was also associated with variants of the
MEFV (Mediterranean fever) gene, the causative
mutation for familial Mediterranean fever (FMF).
The gene encodes a pyrin protein with regulatory
roles in inflammasome activity, which leads to
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elevated interleukin (IL)-1B levels when mutated.
Both PFAPA and FMF are thought to share a
common pathogenesis as the presence of MEFV
variants were suggested to reduce symptom
severity, delay disease onset, and shorten
episode duration in PFAPA patients.!>® PFAPA
subjects were also shown to display elevated IL-1
production during febrile episodes and exhibit
prompt clinical response to recombinant IL-1
receptor antagonists.”?” In addition, colchicine
therapy, which is an effective prophylactic
treatment for FMF, has been shown to reduce
the number of attacks in PFAPA patients.%!®
Moreover, both syndromes display clinical and
laboratory similarities, including episodes of
fever and abdominal pain, which makes their
differential diagnosis challenging, particularly in
endemic countries.?

Flare attacks in PFAPA patients were
previously associated with lymphopenia, which
was thought to be due to recruitment of T
cells to peripheral tissues, leading to lymphoid
hyperplasia and, consequently, tonsillitis and
cervical adenitis. In the same study, elevated
serum levels of T helper 1 (THI1) cells, and
proinflammatory cytokines were detected during
symptomatic phase of the syndrome.2° Moreover,
compared to those with recurrent tonsillitis,
PFAPA children exhibited elevated TH1 and
reduced T helper 2 (TH2) cytokine levels during
flare attacks, while the former group of patients
were associated with elevated THZ2 cytokine
secretion only.?! Similar oscillation in cytokine
and chemokine levels, with increased production
of proinflammatory mediators, was observed
during afebrile phases,?? which were also
reported to display elevated tonsillar cluster of
differentiation (CD)8+ T cell levels.?? In contrast
to the studies on the cellular branch of adaptive
immunity, literature on antibody production in
PFAPA subjects is still not consistent. While some
reports demonstrated IgA, IgE, IgG, and IgM
production in PFAPA patients within the normal
range, others observed lowered or elevated
levels in PFAPA children.%243% Furthermore,
IgA deficiency was suggested as a clue for the
diagnosis by recent case studies.??3! On the
other hand, in two studies and a case report
on antibody levels during afebrile periods, IgA,
IgG, and IgM levels were within the healthy
range.427.32
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To our knowledge, no study has monitored
the serum levels of IgG subclasses. The present
study aimed to fill this gap in literature by
analyzing antibody levels, including IgA, IgE,
IgG, 1gG2, 1gG3, and IgM, in the blood samples
collected from PFAPA patients. The obtained
results would not only contribute to the
literature on the immune status of the affected
subjects but also to our understanding of PFAPA
pathogenesis.

PATIENTS AND METHODS

All patients admitted to the department
of pediatrics of the Near East University
Faculty of Medicine Hospital Hospital with
periodic fever/infectious symptoms are routinely
evaluated for a number of underlying diseases,
including recurrent beta-streptococcus tonsillitis,
periodic fever syndrome (FMF, PFAPA), cyclic
neutropenia, and primary immunodeficiency
(PID). Data of patients admitted with recurrent
fever and diagnosed as PFAPA between January
2015 and December 2020 was retrospectively
gathered from the patient files and the hospital
database system. Diagnosis of PFAPA and
exclusion of other disorders were performed
according to the Marshall criteria modified by
Thomas et al.3° Consequently, 20 PFAPA patients
(10 males, 10 females; mean age: 2.5+1.5 years;
range, 0.5 to 5.4 years) were included in the
study.

The antibody levels in blood samples, which
were obtained from later-confirmed PFAPA
patients during the disease flare or at the attack
free period, were retrospectively analyzed in
this study. Antibody levels were detected by
chemiluminescence microparticle immunoassay.
The blood samples were allowed to clot at
room temperature before centrifugation at
9,000 rpm for 10 min. Serum samples were
then separated and analyzed using a kit from
Abbott Diagnostics (Abbott, Chicago, IL,
USA) and automated immunoassay analyzer
(Abbott Architect ci4100; Abbott, Chicago,
IL, USA) for IgA, IgE, IgG, I1gG2, I1gG3,
and IgM detection. The antibody levels were
categorized as low (if <2 standard deviations),
high (if >2 standard deviations) or normal
according to the age-matched corresponding
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reference values from the healthy pediatric
population.33

Statistical analysis

Data were analysed quantitatively by using
Microsoft Excel.

RESULTS

No patient displayed any abnormal growth
or development. The mean onset and diagnosis
ages of the patients were 2.5+1.5 years and
3.6x1.6 years, respectively. None of the cases
exhibited any cyclic neutropenia, clinical findings
of PID, or positive throat culture during febrile
attacks. All patients were asymptomatic between
episodes. Tonsillectomy (TE) was performed on
nine children, all of whom did not experience any
flare attack after the operation. The remaining
patients responded to steroid treatment during
febrile attack with no need for any additional
treatment (Table 1).

At the time of blood sample collection, none
of the children had white blood cell and absolute
neutrophil counts below the corresponding age-
specific mean values. The numbers of children
with lymphocyte levels lower and higher than
the normal range were three (15%) and one
(5%), respectively. Fourteen (70%) children had
high C-reactive protein levels, and 11 (55%)
displayed elevated erythrocyte sedimentation
rates.
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Evaluation of antibody levels in PFAPA
children during afebrile period

While all 20 PFAPA patients included in the
study had IgA, IgG, and IgM antibody testing,
the numbers of children with IgE, 1gG2, and
[gG3 test results were 16 (80%), 15 (75%),
and 15 (75%), respectively. The IgA, IgG,
and IgM-based immunoassay analysis revealed
seven (35%), 13 (65%), and 11 (55%) cases
with low IgA, IgG, or IgM levels, respectively.
Among the children with IgG2 and IgG3 test
results, three (20%) displayed low IgG2 levels,
while 13 (86.6%) had an IgG3 titer below the
corresponding reference values. Serological
immunoassay also reported nine (56.2%)
children with high IgE levels (Tables 2, 3).

Moreover, chemiluminescence microparticle
immunoassay results demonstrated 16 (80%)
PFAPA patients with altered serum levels of
two or more antibody classes or subclasses.
Among the remaining four patients, data on
all serum antibody levels were available only
from two, who displayed only low IgM or low
IgG3 concentrations. Data on serum IgG2 and
IgG3 levels were not available for the other two
patients, one of whom displayed only high IgE
levels, while no abnormality in serum antibody
levels was detected in the other (Table 3).

The patients were broadly divided into two
categories depending on the status of serum
IgG3 levels. A low serum IgG3 had the highest
incidence rate (n=13/15, 86.6%) detected

Table 1. Clinical characteristics of PFAPA patients

Clinical findings n % Median Min-Max
Febrile attack frequency (day) 15-30 30
Adenitis 4 20

Aphthous stomatitis 3 15

Fever 20 100

Pharyngitis 13 65

Tonsillitis 20 100

Familial history of tonsillectomy 2 10

Attack frequency after steroid treatment 15-60 40
Tonsillectomy performed 9 45

Number of attacks after tonsillectomy 0 0

PFAPA: The periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis.
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Table 2. Serum antibody levels of later confirmed PFAPA patients obtained on
first admission
Antibody class High/low Number of cases Number of children tested (%)
IgA Low 7/20 35.0
IaG Low 13/20 65.0
IaG2 Low 3/15 20.0
IgG3 Low 13/15 86.6
IgE High 9/16 56.2
IsM Low 11/20 55.0
PFAPA: The periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis; Ig: Immunoglobulin.

among the PFAPA patients. Of the 13 PFAPA
subjects with low serum IgG3 levels, low levels
of IgA, IgG, and IgM antibodies were detected
in four (30.8%), 11 (84.6%), and seven (53.8%),
respectively. Moreover, IgE and IgG2 test

results were available from 10 and 13 of these
low 1gG3 PFAPA subjects, among which five
(50%) and three (23.1%) showed high IgE and
low IgG2 serum concentrations, respectively
(Table 4).

Table 3. Antibody test results obtained from the PFAPA patients

Patient no  IgA levels IgE levels IgG levels  IgG2 levels  IgG3 levels  IgM levels Number of antibody class or classes

with altered levels

1 Normal N/A Normal Low
2 Normal Normal Normal Normal
3 Normal High Low Normal
4 Low N/A Low Normal
5 Low N/A Low Low
6 Normal High Low Normal
7 Normal High Low N/A
8 Normal Normal Normal Normal
9 Low N/A Low N/A
10 Normal Normal Low Normal
11 Low High Normal Normal
12 Normal Normal Low Low
13 Normal Normal Low Normal
14 Normal High Low Normal
15 Normal Normal Normal N/A
16 Low Normal Low Normal
17 Low High Low Normal
18 Normal High Normal N/A
19 Normal High Low Normal
20 Low High Normal N/A

Low Low >2
Normal Low 1
Low Low >2
Low Normal >2
Low Normal >2
Low Low >2
N/A Normal >2
Low Normal 1
N/A Low >2
Low Low >2
Normal Low >2
Low Low >2
Low Low >2
Low Normal >2
N/A Normal 0
Low Normal >2
Low Normal >2
N/A Normal 1
Low Low >2
N/A Low >2

PFAPA: The periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis; Ig: Immunoglobulin.




PFAPA and humoral immunity 103

Table 4. Comparison of antibody levels between the two groups of PFAPA patients

Low IgA High IgE Low IgG Low IgG2 Low IgG3 Low IgM

n/N n/N n/N n/N n/N n/N

IgG3 status n % n % n % n % n % n %
Low IgG3 (n=13) 4/13 30.8 5/10 50 11/13 846 3/13 231 7/13  53.8
Normal + N/A data (n=7) 3/7 429 4/7 571 2/7 28.6 0/2 0.0 = = 4/7 571
PFAPA: The periodic fever, aphthous stomatitis, pharyngitis, and cervical adenitis; Ig: Immunoglobulin; N and n represent number of tests and number of
samples, respectively.

The second group involves seven PFAPA
patients with either normal IgG3 levels or
unavailable corresponding data. All seven
members were tested for serum IgA, IgE, IgG,
and IgM levels, whereas an IgG2 test was
performed only on two children. Of these seven
participants, low IgA, high IgE, low IgG, low
IgG2, and low IgM concentrations were detected
in three (42.9%), four (57.1%), two (28.6%),
none, and four (57.1%), respectively (Table 4).

DISCUSSION

While there have been wvarious reports
demonstrating unregulated adaptive immune
reaction in PFAPA patients, data on antibody
production in PFAPA patients is not consistent
due to studies showing both altered and unaltered
antibody levels in the affected children.2430 The
present study aimed to contribute to the area
of research by retrospectively analyzing serum
levels of IgA, IgE, IgG, and IgM in addition
to that of IgG2 and IgG3 antibodies of later-
confirmed PFAPA patients, which were not
previously monitored.

Among the PFAPA patients studied, the rate
of children with reduced IgG3 production was
the highest, followed by those with low IgG,
high IgE, and low IgM levels. When divided into
two groups depending on the IgG3 status, most
of the low IgG3 PFAPA patients were reported
to display low IgG serum levels, while high IgE
and low IgM serum levels had the highest rates
for the rest of the PFAPA patients studied.
This suggests the potential role of IgG3 in the
pathogenesis of PFAPA syndrome. Studies
with a higher sample size are required for
confirmatory data.

In our study, all PFAPA patients except for
one displayed lower antibody levels of at least one
antibody class or several classes. This correlates
with two previous studies demonstrating lower
B-cell frequencies and smaller germinal centers
in PFAPA tonsils compared to controls, which
were concluded to suggest a minor role for
B-cells in the disease pathogenesis.3*3% While
low serum antibody levels detected in our study
imply an association with PFAPA, whether
they are the cause or the consequence of the
syndrome needs more detailed analysis. This
can be addressed by future studies evaluating
antibody (particularly 1gG3) specificity against
specific antigens in the tonsillar microbiome by
approaches similar to those using multipathogen
array,3® which would provide a wvaluable
contribution to our understating of PFAPA
pathogenesis.

IgG3 deficiencies comprise one of the most
commonly diagnosed forms of IgG subclass
deficiencies.?” IgG3 is the third most dominant
IgG subclass in human serum, which, together
with IgGl1, is also a potent activator of innate
immune effector cells. However, IgG3 has higher
phagocytosis and complement deposition capacity
compared to the IgGl subclass, which suggests
its induction as a key marker for protection.38
Accordingly, IgG3 deficiency was associated with
recurrent respiratory tract infections.3®

Apart from increased susceptibility
to infectious agents, deficiency in antibody
production, including IgG subclasses, was also
associated with atopy in the affected individuals.*°
Accordingly, high rates of asthma was previously
detected in children with IgG3 deficiencies.*! In
our study, high serum IgE levels were detected
in at least half of all PFAPA population and
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those with low IgG3 levels. While elevated serum
IgE levels are detected in many conditions of
immune dysregulation, they were also suggested
to increase susceptibility to recurrent skin and
lung infections.*?

Nevertheless, to our knowledge, there
has not been any report on the association
of PFAPA with any other clinical condition.
Prospective investigations evaluating any clinical
consequences of disturbed antibody levels in the
affected children are recommended to investigate
the possible coexistance of PFAPA with other
clinical conditions. Such studies may lead to
the revision of clinical management guidelines
to improve life quality of the affected children,
which was demonstrated to be poor, with
increased fatigue, by a recent study.** Moreover,
fatigue is overrepresented in primary antibody
deficiencies and was correlated with the need for
immunoglobulin replacement therapy.t*

The major limitation of our study is the low
sample size and the lack of a control group. The
present data on antibody levels was obtained
from later-confirmed PFAPA patients among
pediatric population who were screened for
the underlying condition of recurrent fever/
infection to rule out PID, recurrent beta-
hemolytic tonsillitis, cyclic neutropenia or
PFAPA, or other periodic fever syndromes.
Since it was a retrospective study, it was not
possible to include a control group and perform
multiple measurements to see whether the
reported altered levels were reverted. Therefore,
future studies are required to both confirm our
conclusions and evaluate the temporality of the
low serum levels of antibodies detected.

In conclusion, this preliminary study
suggests that there may be an association
between PFAPA and low serum levels of
antibodies, particularly 1gG3, for the first
time. Further controlled studies with a larger
sample size are needed to evaluate whether
hypogammaglobulinemia is the cause or the
consequence of PFAPA syndrome. Moreover,
studies on the association between serum
antibodies and altered microbiome structure on
PFAPA tonsils, the primary site for the immune
dysregulation during the syndrome, are strongly
encouraged to further enlighten the role of
humoral immunity in PFAPA pathogenesis.

Arch Rheumatol

Ethics Committee Approval: The study protocol
was approved by the Near East University Scientific
Research Ethics Committee (date: 24.06.2021, no:
YDU/2021/92-1358). The study was conducted in
accordance with the principles of the Declaration of
Helsinki.

Patient Consent for Publication: A written
informed consent was obtained from the parents and/or
legal guardians of the patients.

Data Sharing Statement: The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Author Contributions: Idea/concept, design,
supervision: N.N.B.; Data collection, analysis and
interpretation: U.G., C.D., B.S.,, Z.C.,, I.LB.,, N.N.B;
Literature review, writing the article: U.G.; Critical
review: C.D., B.S., Z.C., [.B., N.N.B.

Conflict of Interest: The authors declared no
conflicts of interest with respect to the authorship and/or
publication of this article.

Funding: The authors received no financial support
for the research and/or authorship of this article.

REFERENCES

1. Batu ED. Periodic fever, aphthous stomatitis,
pharyngitis, and cervical adenitis (PFAPA) syndrome:
Main features and an algorithm for clinical practice.
Rheumatol Int 2019;39:957-70. doi: 10.1007/s00296-
019-04257-0.

2. Di Gioia SA, Bedoni N, von Scheven-Géte A, Vanoni
F, Superti-Furga A, Hofer M, et al. Analysis of the
genetic basis of periodic fever with aphthous stomatitis,
pharyngitis, and cervical adenitis (PFAPA) syndrome.
Sci Rep 2015;5:10200. doi: 10.1038/srep10200.

3. Manthiram K, Nesbitt E, Morgan T, Edwards KM.
Family history in periodic fever, aphthous stomatitis,
pharyngitis, adenitis (PFAPA) syndrome. Pediatrics
2016;138:220154572. doi: 10.1542/peds.2015-4572.

4. Perko D, Debelijak M, Toplak N, Awv¢in T. Clinical
features and genetic background of the periodic Fever
syndrome with aphthous stomatitis, pharyngitis, and
adenitis: A single center longitudinal study of 81
patients. Mediators Inflamm 2015;2015:293417. doi:
10.1155/2015/293417.

5. Batu ED, Kara Eroglu F, Tsoukas P, Hausmann JS,
Bilginer Y, Kenna MA, et al. Periodic fever, aphthosis,
pharyngitis, and adenitis syndrome: Analysis of
patients from two geographic areas. Arthritis Care Res
(Hoboken) 2016;68:1859-65. doi: 10.1002/acr.22901.

6. Gunes M, Cekic S, Kilic SS. Is colchicine more
effective to prevent periodic fever, aphthous
stomatitis, pharyngitis and cervical adenitis episodes
in Mediterranean fever gene variants? Pediatr Int

2017;59:655-60. doi: 10.1111/ped.13265.



PFAPA and humoral immunity

10.

11.

12.

13.

14.

15.

16.

Kolly L, Busso N, von Scheven-Gete A, Bagnoud N,
Moix I, Holzinger D, et al. Periodic fever, aphthous
stomatitis, pharyngitis, cervical adenitis syndrome is
linked to dysregulated monocyte IL-1B production.
J Allergy Clin Immunol 2013;131:1635-43. doi:
10.1016/j.jaci.2012.07.043.

Butbul Aviel Y, Harel L, Abu Rumi M, Brik R,
Hezkelo N, Ohana O, et al. Familial Mediterranean
fever is commonly diagnosed in children in Israel with
periodic fever aphthous stomatitis, pharyngitis, and
adenitis syndrome. J Pediatr 2019;204:270-4. doi:
10.1016/j.jpeds.2018.08.080.

Taniuchi S, Nishikomori R, lharada A, Tuji S, Heike
T, Kaneko K. MEFV variants in patients with PFAPA
syndrome in Japan. Open Rheumatol J 2013;7:22-5.
doi: 10.2174/1874312901307010022.

Cheung MS, Theodoropoulou K, Lugrin J, Martinon
F, Busso N, Hofer M. Periodic fever with aphthous
stomatitis, pharyngitis, and cervical adenitis syndrome
is associated with a CARDS variant unable to bind the
NLRP3 inflammasome. J Immunol 2017;198:2063-9.
doi: 10.4049/jimmunol.1600760.

Manthiram K, Preite S, Dedeoglu F, Demir S,
Ozen S, Edwards KM, et al. Common genetic
susceptibility loci link PFAPA syndrome, Behcet's
disease, and recurrent aphthous stomatitis. Proc Natl
Acad Sci U S A 2020;117:14405-11. doi: 10.1073/
pnas.2002051117.

Kaynak D, Yildiz M, Sahin S, Haslak F, Gunalp A,
Adrovic A, et al. NLRP3 gene variants and serum
NLRP3 levels in periodic fever, aphthous stomatitis,
pharyngitis, and adenitis (PFAPA) syndrome. Clin
Rheumatol 2023;42:245-51. doi: 10.1007/s10067-
022-06370-1.

Lantto U, Koivunen P, Tapiainen T, Glumoff V,
Hirvikoski P, Uhari M, et al. Microbes of the tonsils
in PFAPA (Periodic Fever, Aphtous stomatitis,
Pharyngitis and Adenitis) syndrome - a possible
trigger of febrile episodes. APMIS 2015;123:523-9.
doi: 10.1111/apm.12383.

Tejesvi MV, Uhari M, Tapiainen T, Pirttila AM, Suokas
M, Lantto U, et al. Tonsillar microbiota in children
with PFAPA (periodic fever, aphthous stomatitis,
pharyngitis, and adenitis) syndrome. Eur J Clin
Microbiol Infect Dis 2016;35:963-70. doi: 10.1007/
s10096-016-2623-y.

Yildiz M, Adrovic A, Ulkersoy I, Gucuyener N, Koker
O, Sahin S, et al. The role of Mediterranean fever
gene variants in patients with periodic fever, aphthous
stomatitis, pharyngitis, and adenitis syndrome. Eur J
Pediatr 2021;180:1051-8. doi: 10.1007/s00431-020-
03840-z.

Berkun Y, Levy R, Hurwitz A, Meir-Harel M, Lidar M,
Livneh A, et al. The familial Mediterranean fever gene
as a modifier of periodic fever, aphthous stomatitis,
pharyngitis, and adenopathy syndrome. Semin
Arthritis Rheum 2011;40:467-72. doi: 10.1016/j.
semarthrit.2010.06.009.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

105

Stojanov S, Lapidus S, Chitkara P, Feder H, Salazar
JC, Fleisher TA, et al. Periodic fever, aphthous
stomatitis, pharyngitis, and adenitis (PFAPA) is a
disorder of innate immunity and Thl activation
responsive to IL-1 blockade. Proc Natl Acad Sci U S A
2011;108:7148-53. doi: 10.1073/pnas.1103681108.
Otar Yener G, Aktas I, 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 2023;182:411-
7. doi: 10.1007/s00431-022-04709-z.

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. doi: 10.1007/s00296-018-4105-2.
Stojanov S, Lapidus S, Chitkara P, Feder H, Salazar
JC, Fleisher TA, et al. Periodic fever, aphthous
stomatitis, pharyngitis, and adenitis (PFAPA) is a
disorder of innate immunity and Thl activation
responsive to IL-1 blockade. Proc Natl Acad Sci U S A
2011;108:7148-53. doi: 10.1073/pnas.1103681108.
Nakano S, Kondo E, Iwasaki H, Akizuki H, Matsuda
K, Azuma T, et al. Differential cytokine profiles
in pediatric patients with PFAPA syndrome and
recurrent tonsillitis. J Med Invest 2021;68:38-41. doi:
10.2152/jmi.68.38.

Stojanov S, Hoffmann F, Kéry A, Renner ED,
Hartl D, Lohse P, et al. Cytokine profile in PFAPA
syndrome suggests continuous inflammation and
reduced anti-inflammatory response. Eur Cytokine
Netw 2006;17:90-7.

Luu I, Sharma A, Guaderrama M, Peru M, Nation
dJ, Page N, et al. Immune dysregulation in the
tonsillar microenvironment of periodic fever, aphthous
stomatitis, pharyngitis, adenitis (PFAPA) syndrome.
J Clin Immunol 2020;40:179-90. doi: 10.1007/
s10875-019-00724-2.

Valenzuela PM, Majerson D, Tapia JL, Talesnik E.
Syndrome of periodic fever, aphthous stomatitis,
pharyngitis, and adenitis (PFAPA) in siblings.
Clin Rheumatol 2009;28:1235-7. doi: 10.1007/
s10067-009-1222-z.

Chae JH, Hwang AR, Park SH, Suh BK. A case
of PFAPA (periodic fever, aphthous stomatitis,
pharyngitis, cervical adenitis) syndrome. Korean J
Pediatr 2006;49:991-5.

Frye RE. Recurrent aseptic encephalitis in periodic
fever, aphthous stomatitis, pharyngitis and adenopathy
(PFAPA) syndrome. Pediatr Infect Dis J 2006;25:463-
5. doi: 10.1097/01.inf.0000215233.17651.12.
Forsvoll J, Kristoffersen EK, Oymar 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 Online J 2013;11:38. doi:
10.1186/1546-0096-11-38.



106

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kilic SS. The clinical characteristics of PFAPA
syndrome. Pediatr Rheumatol Online J 2014;12(Suppl
1):P250. doi: 10.1186/1546-0096-12-S1-P250.
Yang JYC. Cyclical fevers in a 4-year-old boy with
IgA deficiency. Reports 2019;2:12. doi: 10.3390/
reports2020012.

Thomas KT, Feder HM Jr, Lawton AR, Edwards
KM. Periodic fever syndrome in children. J Pediatr
1999;135:15-21. doi: 10.1016/s0022-3476(99)70321-
5.

Sugimoto K, Fujita S, Miyazawa T, Okada M,
Takemura T. Periodic fever, aphthous stomatitis,
pharyngitis, and adenitis (PFAPA) syndrome and IgA
nephropathy. Pediatr Nephrol 2013;28:151-4. doi:
10.1007/s00467-012-2295-5.

Moreira A, Torres B, Peruzzo J, Mota A,
Everich K, Ring J. Skin symptoms as diagnostic
clue for autoinflammatory diseases. An Bras
Dermatol 2017;92:72-80. doi: 10.1590/abd1806-
4841.20175208.

Aksu G, Genel F, Koturogu G, Kurugél Z, Kiitiikciiler
N. Serum immunoglobulin (IgG, IgM, IgA) and
IgG subclass concentrations in healthy children: A
study using nephelometric technique. Turk J Pediatr
2006;48:19-24.

Dytrych P, Krol P, Kotrova M, Kuzilkova D, Hubacek
P, Krol L, et al. Polyclonal, newly derived T cells with
low expression of inhibitory molecule PD-1 in tonsils
define the phenotype of lymphocytes in children
with Periodic Fever, Aphtous Stomatitis, Pharyngitis
and Adenitis (PFAPA) syndrome. Molecular
Immunology 2015;65:139-47. doi: 10.1016/j.
molimm.2015.01.004.

Manthiram K, Correa H, Boyd K, Roland J, Edwards
K. Unique histologic features of tonsils from patients
with periodic fever, aphthous stomatitis, pharyngitis,
and cervical adenitis (PFAPA) syndrome. Clin
Rheumatol 2018;37:1309-17. doi: 10.1007/s10067-
017-3773-8.

McGuire MK, Randall AZ, Seppo AE, Jarvinen
KM, Meehan CL, Gindola D, et al. Multipathogen
analysis of IgA and IgG antigen specificity for

37.

38.

39.

40.

41.

42.

43.

44.

Arch Rheumatol

selected pathogens in milk produced by women from
diverse geographical regions: The INSPIRE study.
Front Immunol 2021;11:614372. doi: 10.3389/
fimmu.2020.614372.

Bonilla FA, Khan DA, Ballas ZK, Chinen J, Frank MM,
Hsu JT, et al. Practice parameter for the diagnosis
and management of primary immunodeficiency. J
Allergy Clin Immunol 2015;136:1186-205.e1-78. doi:
10.1016/j.jaci.2015.04.049.

Chu TH, Patz EF Jr, Ackerman ME. Coming
together at the hinges: Therapeutic prospects
of 1gG3. MAbs 2021;13:1882028. doi:
10.1080/19420862.2021.1882028.

Barton JC, Bertoli LF, Barton JC, Acton RT. Selective
subnormal IgG3 in 121 adult index patients with
frequent or severe bacterial respiratory tract infections.
Cell Immunol 2016;299:50-7. doi: 10.1016/j.
cellimm.2015.09.004.

Fried Ad, Bonilla FA. Pathogenesis, diagnosis, and
management of primary antibody deficiencies and
infections. Clin Microbiol Rev 2009;22:396-414. doi:
10.1128/CMR.00001-09.

Oxelius VA, Hanson LA, Bjérkander J, Hammarstrém
L, Sjvholm A. IgG3 deficiency: Common in
obstructive lung disease. Hereditary in families with
immunodeficiency and autoimmune disease. Monogr
Allergy 1986;20:106-15.

Freeman AF, Milner JD. The child with elevated IgE
and infection susceptibility. Curr Allergy Asthma Rep
2020;20:65. doi: 10.1007/s11882-020-00964-y.
Grimwood C, Kone-Paut I, Piram M, Rossi-Semerano
L, Hentgen V. Health-related quality of life in
children with PFAPA syndrome. Orphanet J Rare Dis
2018;13:132. doi: 10.1186/513023-018-0878-3.
Wagstrom P, Nilsdotter-Augustinsson A, Nilsson
M, Bjérkander J, Dahle C, Nystrém S. Fatigue is
common in immunoglobulin G subclass deficiency
and correlates with inflammatory response and
need for immunoglobulin replacement therapy.
Front Immunol 2022;12:797336. doi: 10.3389/
fimmu.2021.797336.s.



