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Abstract

Background Kikuchi-Fujimoto disease (KFD) is typically a benign, self-limiting inflammatory disease. The diagno-
sis of KFD can be challenging for nonspecific symptoms, laboratory or imaging findings. In this study, we aimed
to describe the clinical manifestations of patients with KFD and to access the potential role of serum cytokines

in the diagnosis of this disease.

Methods Patients with KFD were retrospectively enrolled from January 2015 to November 2021 at Shenzhen
Children’s Hospital. Clinical data were collected from inpatient or outpatient medical records. Serum cytokines were
detected by the Flowcytomix technique. Serum levels of cytokines were compared between patients with KFD

and SJIA, or patients with KFD and KD. The data of patients without MAS were further analyzed. A receiver operating
characteristic (ROC) curve analysis was further performed to access the potential role of serum cytokines in the diag-
nosis of KFD.

Results Serum cytokines were detected in 25 (43.8%, 25/57) patients with a histological diagnosis of KFD. Com-
pared to SJIA or KD patients, the KFD group had a significantly higher IFN-y/IL-6 ratio and much lower levels of serum
IL.-6. The median level of serum IFN-y in KFD was 41.65 pg/ml (range, 21.04-70.74 pg/ml), which was much higher
than that in SJIA (median: 3.33 pg/ml, p=0.16) or KD (median: 2.6 pg/ml, p=0.01). After excluding patients with MAS,
there was statistical significance in all comparisons of serum IFN-y, IFN-y/IL-6 ratio, and serum IL-6. The cutoff values
of serum IFN-y, IL-6, and IFN-y/IL-6 ratio for differentiating KFD from SJIA were >8.48 pg/ml,<47.42 pg/ml, and >0.45,
respectively. The cutoff values of serum IFN-y, IL-6, and IFN-y/IL-6 ratio for differentiating KFD from KD were >8.56 pg/
ml, <5045 pg/ml, and > 045, respectively. The specificity of all those cutoff values for differentiating KFD from SJIA

or KD was >94.7%.

Conclusions For patients with fever of unknown etiology and lymphadenopathy, after excluding HLH or MAS, serum
IFN-y>8.56 pg/mL and IFN-y/IL-6 ratio > 0.45 may highly suggest the diagnosis of KFD; serum IL-6 > 50.45 pg/mL indi-
cates that the probability of KFD may be small, and sJIA, KD, and acute infection should be excluded first.

Keywords Kikuchi-Fujimoto disease, Histiocytic necrotizing lymphadenitis, Systemic juvenile idiopathic arthritis,
Kawasaki disease, Macrophage activation syndrome

Introduction
Kikuchi-Fujimoto disease (KFD) is a benign, self-limiting
inflammatory disease characterized by fever and cervi-
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include infectious lymphadenitis, malignancies such as
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lymphoma, and autoimmune/autoinflammatory diseases
such as systemic lupus erythematosus (SLE), Systemic
juvenile idiopathic arthritis (SJIA), and Kawasaki disease.

Although KED is typically self-limited, some patients
may have a prolonged or recurrent disease course, or
even present with life-threatening complications such as
hemophagocytic Lymphohistiocytosis(HLH) [3, 4]. Thus
the accurate and timely diagnosis of this disease will be
quite important in proper treatments and improving
the prognosis of patients. Although histopathological
diagnosis by a lymph node biopsy is crucial to differen-
tiate KFD from other etiologies, it is invasive and may
share overlapping histopathological features with other
diseases [5, 6]. Therefore, biomarkers by rapid and non-
invasive detection will be required in the early diagnosis
of KFD.

IFN-y are rarely encountered in non-specific lymphad-
enitis tissues, but are frequently detected in the sur-
rounding dead tissue in KFD [7]. Serum levels of IFN-y
and IL-6 are reported to be elevated during the acute
phase in KFD [8]. However, the potential role of serum
cytokines in the diagnosis and differential diagnosis of
this disease remains unknown. Differences from other
inflammatory diseases are required to be explored.

Here, we performed a single, retrospective study to
describe the clinical manifestations of patients with KFD
and to access the potential role of serum cytokines in the
diagnosis of this disease.

Patients and methods

Study population and design

Patients with KFD were retrospectively enrolled from
January 2015 to November 2021 at Shenzhen Children’s
Hospital. The study was approved by the ethics com-
mittee of the hospital. Written informed consent was
obtained from all patients’ legal guardians. All patients
with KFD were confirmed based on a typical histological
diagnosis. Exclusion criteria included patients with a pos-
sible alternative diagnosis such as autoimmune diseases
(SLE, Sjogren’s disease, etc.), autoinflammation diseases
(Kawasaki disease, SJIA, etc.), leukemia, lymphoma, lym-
phoproliferative diseases, or active infection.

The age-matched control groups included all the
patients with SJIA or Kawasaki disease (KD) who met
the inclusion criteria within the same study period. KD
patients less than five years old were excluded to mini-
mize the influence of age factors. Serum cytokines in
three groups were all detected before treatment and after
fever (>38.5°C) caused by disease activity for at least 72 h
by the Flowcytomix technique in the control groups. SJIA
was diagnosed following the 2001 International League
Against Rheumatism criteria [9, 10]. KD was diagnosed
based on the diagnosis criteria provided by the American

Page 2 of 7

Heart Association in 2017 [11]. Macrophage activation
syndrome (MAS) was diagnosed according to the 2016
EULAR/ACR/PRINTO classification criteria [12]. There
were 31 SJIA patients and 27 KD patients fulfilling the
inclusion criteria as the control groups, including six
with SJIA-MAS.

Data collection

Clinical data were collected from inpatient or outpa-
tient medical records. Data collected included clinical
manifestations, laboratory findings, and levels of serum
cytokines. Clinical symptoms and laboratory data were
collected at the onset of KFD. Clinical manifestations
were listed in Table 1. Laboratory variables included total

Table 1 Clinical and labortatory features of patients with KFD

Characteristics KFD (n=57) References
Demorgraphic Data
Age, years 9.08 (6.92-12.17)
Male to female ratio 2:1(38:19)
Clinical manifestations
Fever 53(92.98)
Lymphadenopathy 54 (95.7)
Hepatomegaly 20 (35.09)
Splenomegaly 9(15.79)
Skin rash 15(26.31)
Arthralgia/arthritis 1(1.75)
Gastrointestinal symptoms 5(8.77)
Respiratory symptoms 7(12.28)
Central nervous symptoms 9(15.79)
Laboratory variables
WBC count (/uL) 3530 (2540-4620) 4300-11300
Hemoglobin (g/dL) 11.5(10.6-12.8) 118-156
Neutrophil count (/uL) 1575 (1230-2500) 1600-7800
Lymophocyte count (/uL) 1415 (1060-1820) 1500-4600
Platelet count (x 103/uL) 203 (174-259) 167-453
AST (IU/L) 37 (28-53) 14-44
ALT (IU/L) 21 (12-39) 7-30
Albumin (g/L) 38.6 (35.6-40.4) 39-54
Ferritin (hg/mL) 312.5(147-710.8) 14-200
Triglyceride (mg/dl) 1.15(0.96-1.5) 0-1.7
Fibrinogen (mg/dL) 3.78 (3.09-4.27) 13-45
CRP (mg/L) 5(13-11.9) 0-10
ESR (mm/h) 40 (20-59) 0-15
LDH (IU/mL) 431 (335-647) 192-321
Positive autobodies 10(17.5)

Data expressed as median (interquartile range) or n (%)

KFD Kikuchi-Fujimoto disease, WBC white blood cell, ESR erythrocyte
sedimentation rate, CRP C-reactive protein, ALT alanine aminotransferase, LDH
lactate dehydrogenase, AST aspartate aminotransferase, ANA anti-nuclear
antibodies
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leukocyte, neutrophils, lymphocyte and platelet counts,
erythrocyte sedimentation rate (ESR), levels of hemo-
globulin, C-reactive protein (CRP), aminotransferases,
albumin, ferritin, fibrinogen, lactate dehydrogenase
(LDH), and auto-antibodies such as anti-nuclear antibod-
ies (ANA). Serum cytokines included IFN-y, IL-10, IL-6,
TNF-a, IL-4, and IL-2.

Statistical analysis

Continuous variables were presented as medians with
interquartile ranges (IQR), and categorical variables were
presented as frequencies and percentages. Unpaired
Welch’s t-test for continuous data and Man-Whitney U
test for categorical variables were performed. Differences
in clinical features and laboratory findings were analyzed
between patients with serum cytokines data and oth-
ers. Serum levels of cytokines were compared between
patients with KFD and SJIA, or patients with KFD and
KD. The data of patients without MAS were further ana-
lyzed. We subsequently performed a receiver operating
characteristic (ROC) curve analysis for the data with sta-
tistical differences between the two groups. Analysis was
completed with GraphPad Prism 8.0 statistical software
(GraphPad Software Inc., La Jolla, CA, USA). A p-value
of <0.05 was considered statistically significant.

Results

The clinical characteristics of KFD patients

We identified 57 patients with a histological diagnosis
of KFD in Shenzhen Children’s Hospital, who were from
the same cohort reported previously [13]. Of those, 15
patients had MAS. 25 diagnosed KFD since 2019 had
serum cytokines measured, including six with KFD-
MAS. The cytokine levels were not measured in the
other patients. Clinical characteristics were summarized
and compared in Table 1. The median age at diagnosis
was 9.08 years (range, 6.92-12.17 yr). Male to female

Table 2 Serum cytokine levels in KFD, SJIA, and KD
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ratio in this study was 2:1. General clinical characteris-
tics included lymphadenopathy (n=54), fever (n=53),
hepatomegaly (n=20), skin rash (n=15), splenomegaly
(n=9), central nervous (n=9) and respiratory symptoms
(n=7). Gastrointestinal symptoms and arthralgia/arthri-
tis were present in five and one patient, respectively.
There was no statistical difference in the clinical charac-
teristics of KFD between patients with serum cytokine
detection and patients without serum cytokine detection
(Supplementary Table 1).

Abnormal laboratory findings included elevated eryth-
rocyte sedimentation rate (median:40 mm/h, range:
20-59 mm/h), mild cytopenia (median:3530/puL, range:
2540-4620/pL), mild lymphopenia (median: 1415/pL,
range: 1060—1820/uL), elevated levels of LDH (median:
431 IU/mL, range: 335-647 IU/mL) and ferritin (median:
312.5 ng/mL, range: 147-710.8 ng/mL). Ten patients had
presented with positive auto-antibodies, including anti-
nuclear antibody (ANA, n=5), anti-SSA antibody (n=2),
anti-RNP antibody (#=3), and anti-DNA antibody
(n=1).

Comparison of serum cytokine levels in patients with KFD,
SJIA, or KD
Compared to SJIA patients in active disease, the KFD
group had a significantly higher IFN-y/IL-6 ratio
(»=0.0001), and much lower levels of serum IL-6
(p=0.004) and IL-2 (p=0.008). Although there was no
statistical difference, the median serum IFN-y level in
KFD was 41.65 pg/ml (range: 21.04—70.74 pg/ml), which
was much higher than that in SJIA (Table 2 and Fig. 1A-
C). There were no significant differences in other serum
cytokines, including IL-10, TNF-a, and IL-4 (Table 2).
Compared to KD patients, the KFD group had a signifi-
cantly higher serum IFN-ylevel (p=0.01) and IFN-y/IL-6
ratio (p<0.0001), and much lower levels of serum IL-6
(p=0.019) and IL-4 (p=0.01) (Table 2 and Fig. 1A-C).

KFD (n=25) SJIA (n=31) KD (n=27) *p-value **p-value

IFN-y (pg/ml) 41.65 (21.04-70.74) 3.33(1.3-6.27) 2.6 (146-4.82) 0.16 0.01

IL-10 (pg/ml) 5.5(4.04-8.97) 479 (3.81-10.9) 8.54(5.45-12.17) 0.57 022

IL-6 (pg/ml) 17.17 (6.65-40.62) 99.66 (49.19-181.8) 55.26 (26.02-103.52) 0.004 0.019
IFN-y/IL-6 3.16 (1.54-5.5) 0.03(0.01-0.19) 0.05 (0.03-0.08) 0.0001 <0.0001
TNF-a (pg/ml) 0.9(0.28-2.14) 0.82(0.3-1.82) 2.23(1.3-2.93) 093 0.14

IL-4 (pg/ml) 2.2(143-2.87) 2.04(1.22-3.16) 2.85(2.18-3.72) 0.34 0.01

IL-2 (pg/ml) 2.17(0.9-3.95) 3.23(0.6-9.99) 2.25(1.21-3.89) 0.008 0.13

Data expressed as median (interquartile range). Variables were analyzed by Unpaired Welch's t-test

KFD Kikuchi-Fujimoto disease, SJIA Systemic Juvenile Idiopathic Arthritis, KD kawasaki disease, MAS macrophage activation syndrome

" p-value represented difference between patients with KFD and SJIA

" p-value was comparison between patients with KFD and KD
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Fig. 1 Serum cytokines levels of patients in KFD, SJIA, and KD. Serum IL-6, serum IFN-y, and IFN-y/IL-6 ratio in all patients (A, B, and C) and those
without MAS (D, E, and F). Differences were analyzed between patients with KFD and SJIA, KFD and KD. Compared to patients with SJIA

or KD, patients with KFD showed an elevation of serum IFN-y and IFN-y/IL-6 ratio, and a much lower level of serum IL-6. P-value was 0.16

for the comparison of serum IFN-y between all KFD and SJIA patients (B). P-values for other comparisons were < 0.05

There were no significant differences in other serum
cytokines, including IL-10, TNF-a, and IL-2 (Table 2).

Comparison of serum cytokine levels in patients

without MAS

To exclude the influence of MAS, serum cytokine levels
in patients without MAS were further analyzed. Com-
pared to SJIA patients without MAS, the KFD group had
a significantly higher serum IFN-y level (»p=0.006) and
IFN-y/IL-6 ratio (p=0.0003), and much lower levels of

Table 3 Serum cytokine levels of patients in KFD, SJIA, and KD

serum IL-6 (p=0.007) and IL-2 (»p=0.016). There were
no significant differences in other serum cytokines,
including IL-10, TNF-a, and IL-4 (Table 3 and Fig. 1D-F).
For the patients with MAS, there were no statistical dif-
ferences in levels of those serum cytokines between the
two groups (Table 3).

Compared to KD patients, the KFD group with-
out MAS had a significantly higher serum IFN-y level
(p=0.007) and IFN-y/IL-6 ratio (»=0.0003), and much
lower levels of serum IL-6 (p=0.018), TNF-a (p=0.032),

Without MAS With MAS
KFD (n=19) SJIA (n=25) KD (n=27) *p-value **p-value KFD (n=6) SJIA (n=6) **¥p-value

IFN-y (pg/ml) 393 (19.6-65.4) 2.8 (1.1-4.4) 2.6 (1.46-4.82) 0.006 0.007 76.9(29.5-255.8) 1083 (15.4-365.8) 0.85

IL-10 (pg/ml) 4.4 (3.9-7.7) 4.2 (3.2-6.0) 8.54 (5.45-12.17) 0.72 0.08 2(5.5-22.8) .3(10.9-33.9) 0.36

IL-6 (pg/ml) 134(6.2-379)  102(52.1-234.2) 5526 (26.02-103.52) 0.007 0.018 21.3(9.1-47.6) 65.1 (320 1544) 03
IFN-y/IL-6 2.0(14-35) 0.02 (0.008-0.05) 0.05 (0.03-0.08) 3E-04 0.0003 45 (3.5-6.7) 0.63(0.21-2.37) 0.12

TNF-a (pg/ml) 0.87(0.12-1.83) 0.82(0.33-1.78) 223 (1.3-2.93) 041 0.032 202 (046-3.21) 0.83(0.19-2.34) 0.33

IL-4 (pg/ml) 2.2(143-322) 2.06(1.08-3.10) 2.85(2.18-3.72) 061 0.028 2.07(1.73-2.36) 82 (1.3-4.05) 042

IL-2 (pg/ml) 14 (06-3.19) 3.23(0.6-9.99) 2.25(1.21-3.89) 0.016 0.07 2.86(2.14-4.63) 544(0.1-14.62) 0.27

Data expressed as median (interquartile range). Variables were analyzed by Unpaired Welch's t-test

KFD Kikuchi-Fujimoto disease, SJIA Systemic Juvenile Idiopathic Arthritis, KD kawasaki disease, MAS macrophage activation syndrome

" p-value and **p-value represented differences between patients with KFD and SJIA, KFD and KD, respectively

™ p-value was comparison between patients with KFD and SJIA with MAS
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and IL-4 (p=0.028) (Table 3 and Fig. 1D-F). There were
no significant differences in serum levels of IL-10 and
IL-2 (Table 3).

The potential role of serum cytokines in the diagnosis

of KFD

A ROC curve analysis was performed to access the poten-
tial role of serum cytokines in the diagnosis of KED. The
cutoff values of serum IFN-y, IL-6, IFN-y/IL-6 ratio, and
IL-2 for differentiating KFD from SJIA were>8.48 pg/
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ml (AUC:0.99, 95%CI: 0.98-1.0, p<0.0001),<47.72 pg/
ml(AUC:0.92, 95%CL  0.84-0.99, p<0.0001),>0.45
(AUC:1, 95%CI: 1.0-1.0, p<0.0001), and < 5.25 pg/ml pg/
ml (AUC:0.64, 95%CI: 0.48-0.80, p=0.1), respectively.
Except for serum IL-2, both sensitivity and specificity
of those cutoff values for identifying these two diseases
were > 80% (Table 4 and Fig. 2).

The cutoff values of serum IFN-y, IL-6, IFN-y/
IL-6 ratio, and IL-2 were>8.56 pg/ml (AUC:0.97,
95%CI: 0.94-1.0, p<0.0001),<50.45 pg/ml (AUC:0.8,

Table 4 Receiver operating characteristic curve analysis of serum cytokines in KFD, SJIA, and KD

Compared to SJIA patients without MAS

AUC Cut-off Value Sensitivity (%) Specificity (%) 95%Cl p-value
IFN-y (pg/ml) 0.99 >848 96 94.7 0.98-1.0 <0.0001
IL-6 (pg/ml) 092 <4772 80 94.7 0.84-0.99 <0.0001
IFN-y/IL-6 1 >045 100 100 1.0-1.0 <0.0001
IL-2 (pg/ml) 0.64 <525 36 94.7 0.48-0.80 0.1

Compared to patients with KD

AUC Cut-off Value Sensitivity (%) Specificity (%) 95%Cl p-value
IFN-y (pg/ml) 097 >856 85.2 94.74 094-1.0 <0.0001
I-6 (pg/ml) 0.8 <5045 519 94.7 0.67-0.93 0.0006
IFN-y/IL-6 0.998 >045 96.3 100 0.99-1.0 <0.0001
I-2 (pg/ml) 0.63 <525 22.2 94.7 0.47-0.79 0.13

Patients with MAS were all excluded for ROC analysis

AUC area under the receiver operating characteristic curve, KFD Kikuchi-Fujimoto disease, SJIA Systemic Juvenile Idiopathic Arthritis, KD kawasaki disease, MAS

macrophage activation syndrome
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Fig. 2 Receiver operating characteristic curves of serum cytokines. The role of serum IL-6, serum IFN-y, and IFN-y/IL-6 ratio in the differential
diagnosis of KFD from SJIA without MAS (A, B, and C) and KD (D, E, and F)
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95%CI:0.67-0.93, p=0.0006),>0.45 (AUC:0.998, 95%CI:
0.99-1.0, p<0.0001), and <5.25 pg/ml (AUC:0.63, 95%CI:
0.47-0.79, p=0.13), respectively. Except for the sensitiv-
ity of serum IL-6 and IL-2, both sensitivity and specific-
ity of other cutoff values for differentiating KFD from KD
were > 85.2% (Table 4 and Fig. 2).

Discussion

As reported previously, clinical features and laboratory
findings in this cohort were non-specific [14]. The most
common manifestations were fever, cervical lymph node
enlargement, skin rash, hepatosplenomegaly, headache, diz-
ziness, mild cough, abdominal pain, and vomiting. Arthral-
gia/arthritis and oral ulcer were occasionally seen. Abnormal
laboratory findings with variable occurrence could be found
in KFD, including elevated erythrocyte sedimentation rate,
mild cytopenia, mild lymphopenia, hyperferritinemia, ele-
vated levels of LDH, and positive auto-antibodies.

IL-6 is synthesized by myeloid cells, such as mac-
rophages and dendritic cells. Rapid production of IL-6
contributes to host defense during infection and tis-
sue injury, but excessive IL-6 synthesis is involved in
the pathogenesis of various diseases, such as SJIA, KD,
Castleman disease, COVID-19 infection, etc. [15]. Four
patients with KFD had increased serum IL-6 level dur-
ing the acute phase [8]. More than half of the patients
with KFD in this study also showed an increased level of
serum IL-6 (60%, 15/25). Although serum IL-6 level in
KFD was elevated, the increase was not as obvious as that
in SJIA or KD. Serum IL-6 level in most patients with
KED (96%, 24/25) was less than 47.72 pg/ml, which was
lower than that in SJIA or KD group. Thus the extremely
higher level of serum IL-6 (>47.72 pg/ml) may largely
help to exclude the diagnosis of KFD. The role of IL-6 in
the pathogenesis of KFD remains unclear. Further studies
are required to explore its association with the pathogen-
esis of KFD.

Most patients with KFD in our cohort showed an
increased serum IFN-y level (96%, 24/25) and IFN-y/
IL-6 ratio. Serum IFN-y level in most KED patients (96%,
24/25) was>8.56 pg/ml. And the IFN-y/IL-6 ratio in all
of them was >0.45. Both were extremely higher than that
in the other groups without MAS. However, for patients
with MAS, our data showed no statistical differences in
levels of serum cytokines or in IFN-y/IL-6 ratio between
patients KFD and SJIA. Therefore, for patients without
MAS, serum IFN-y level > 8.56 pg/ml combined with the
IFN-y/IL-6 ratio >0.45 may help to exclude SJIA or KD,
supporting the diagnosis of KFD.

IFN-y predominantly produced by NK and T cells is a
pleiotropic cytokine with multiple effects on the inflam-
matory response and on innate and adaptive immu-
nity. Aberrant production of IFN-y underlies a number
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of hyperinflammatory or immune-mediated diseases,
such as primary hemophagocytic lymphohistiocytosis
(HLH), various forms of secondary HLH, including MAS,
and cytokine release syndrome [16, 17]. The statistical
differences especially in serum IFN-y level were lost in
MAS-KED versus SJIA-MAS. Compared to other serum
cytokine levels, serum IFN-y level is extremely over-
secreted in patients with SJIA-MAS, which might elimi-
nate some differences especially in serum IFN-y level
and IFN-y/IL-6 ratio between two groups. Although
IFN-y was over-produced in most KFD patients, sec-
ondary HLH was relatively rare in this disease. Thus
the role of IFN-y in the pathogenesis of KFD and HLH/
MAS might be quite different. Further studies including
enough patients is required to clarify this phenomenon
and reveal the underlying mechanism.

The limitations of this study are the small sample size
in a single center and the that it is retrospective. Serum
cytokines were not detected in more than half of KFD
patients. Except for SJIA and KD, serum cytokines were
not checked in most patients with other differential dis-
eases, such as infectious lymphadenitis, lymphoma, etc.
Future prospective studies with large sample sizes and
more control groups may further explore the exact role
of serum IFN-y, IL-6, and IFN-y/IL-6 ratio in the KFD
diagnosis.

Conclusions

For patients with fever of unknown etiology and lym-
phadenopathy, after excluding HLH or MAS, serum
IFN-y>8.56 pg/mL and IFN-y/IL-6 ratio>0.45
may highly suggest the diagnosis of KFD. Serum
IL-6>50.45 pg/mL indicates that the probability of KFD
may be small, and sJIA, KD, and infection should be
excluded first.

Abbreviations

KFD Kikuchi-Fujimoto disease

SLE Systemic lupus erythematosus

SJIA Systemic juvenile idiopathic arthritis
KD Kawasaki disease

MAS Macrophage activation syndrome
AST Aspartate aminotransferase

ESR Erythrocyte sedimentation rate

CRP C-reactive protein

LDH Lactate dehydrogenase

IVIG Intravenous immunoglobulin

IQR Interquartile ranges

ROC Receiver operating characteristic curve

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512969-023-00877-w.

Additional file 1: Supplementary Table 1. Clinical features of
KFD patients with or without cytokine detection.



https://doi.org/10.1186/s12969-023-00877-w
https://doi.org/10.1186/s12969-023-00877-w

He et al. Pediatric Rheumatology (2023) 21:88

Acknowledgements
We thank all the patients and their families for their participation.

Authors’ contributions

Tingyan He designed the work, supervised the work, drafted and reviewed
the manuscript. Zixuan Shen collected and analyzed the data. Jiayun Ling
and Xiaona Zhu helped to collect the data. Jun Yang supervised the work
and reviewed the manuscript. All authors reviewed and approved the final
manuscript.

Funding

This work was supported by the Sanming Project of Medicine in Shenzhen
(SZSM201812002) and the Shenzhen Key Medical Discipline Construction
Fund (SZGSP012).

Availability of data and materials
The datasets generated and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All participating members were enrolled with the approval of the ethics com-
mittee of Shenzhen Children’s Hospital and provided written consent from
legal guardians.

Consent for publication
Written consent for publication of this anonymous information was obtained
from patients'legal guardians.

Competing interests
All authors declare no conflict of interest.

Received: 15 February 2023 Accepted: 14 August 2023
Published online: 22 August 2023

References

1. Mathew LM, Kapila R, Schwartz RA. Kikuchi-Fujimoto disease: a diagnostic
dilemma. Int J Dermatol. 2016;55(10):1069-75.

2. Perry AM, Choi SM. Kikuchi-Fujimoto disease: a review. Arch Pathol Lab
Med. 2018;142(11):1341-6.

3. YangY,Lian H, Ma H, ZhaoY, Zhang Q, Zhang L, et al. Hemophagocytic
lymphohistiocytosis associated with histiocytic necrotizing lymphad-
enitis: a clinical study of 13 children and literature review. J Pediatr.
2021,229:267-274.3.

4. Lim GY, Cho B, Chung NG. Hemophagocytic lymphohistiocytosis pre-
ceded by Kikuchi disease in children. Pediatr Radiol. 2008;38(7):756-61.

5. Rai B, Pillinger MH, Panush RS. Coincident Kikuchi-Fujimoto’s disease
and adult-onset Still's disease: report of a patient from an uncommonly
affected population and case-directed systematic review. Clin Rheuma-
tol. 2021;40(12):4791-805.

6. Jeon YK, Paik JH, Park SS, Park SO, Kim YA, Kim JE, et al. Spectrum of lymph
node pathology in adult onset Still's disease; analysis of 12 patients with
one follow up biopsy. J Clin Pathol. 2004;57(10):1052-6.

7. Ohshima K, Haraoka S, Takahata Y, Takada H, Tsutiya K, Suzuk K; et al. Inter-
feron-gamma, interleukin-18, monokine induced by interferon-gamma
and interferon-gamma-inducible protein-10 in histiocytic necrotizing
lymphadenitis. Leuk Lymphoma. 2002;43(5):1115-20.

8. Kubota M, Tsukamoto R, Kurokawa K, Imai T, Furusho K. Elevated serum
interferon gamma and interleukin-6 in patients with necrotizing lym-
phadenitis (Kikuchi's disease). Br J Haematol. 1996;95(4):613-5.

9. Koker O, Demirkan FG, Cakmak F, Aktay AN. Performance of recent
PRINTO criteria versus current ILAR criteria for systemic juvenile idiopathic
arthritis: a single-centre experience. Mod Rheumatol. 2023;33(1):187-93.

10. Krumrey-Langkammerer M, Hafner R. Evaluation of the ILAR criteria for
juvenile idiopathic arthritis. J Rheumatol. 2001;28(11):2544-7.

Page 7 of 7

11. McCrindle BW, Rowley AH, Newburger JW, Burns JC, Bolger AF, Gewitz
M, et al. Diagnosis, treatment, and long-term management of kawasaki
disease: a scientific statement for health professionals from the American
Heart Association. Circulation. 2017;135(17):€927-99.

12. Ravelli A, Minoia F, Davi S, Horne A, Bovis F, Pistorio A, et al. 2016 clas-
sification criteria for macrophage activation syndrome complicating
systemic Juvenile idiopathic arthritis: a European League Against Rheu-
matism/American College of Rheumatology/Paediatric Rheumatology
International Trials Organisation Collaborative Initiative. Ann Rheum Dis.
2016;75(3):481-9.

13. Shen Z, Ling J, Zhu X, Yang J, He T. Macrophage activation syndrome
in children with Kikuchi-Fujimoto disease. Pediatr Rheumatol Online J.
2023;21(1):10.

14. Kang HM, Kim JY, Choi EH, Lee HJ, Yun KW, Lee H. Clinical Characteris-
tics of Severe Histiocytic Necrotizing Lymphadenitis (Kikuchi-Fujimoto
Disease) in Children. J Pediatr. 2016;171:208-12.e1.

15. Aliyu M, Zohora FT, Anka AU, Ali K, Maleknia S, Saffarioun M, et al.
Interleukin-6 cytokine: An overview of the immune regulation, immune
dysregulation, and therapeutic approach. Int Immunopharmacol.
2022;111:109130.

16. De Benedetti F, Prencipe G, Bracaglia C, Marasco E, Grom AA. Targeting
interferon-gamma in hyperinflammation: opportunities and challenges.
Nat Rev Rheumatol. 2021;17(11):678-91.

17. Schoenborn JR, Wilson CB. Regulation of interferon-gamma during
innate and adaptive immune responses. Adv Immunol. 2007,96:41-101.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Elevated serum IFN-γand IFN-γIL-6 ratio in Kikuchi-Fujimoto disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Study population and design
	Data collection
	Statistical analysis

	Results
	The clinical characteristics of KFD patients
	Comparison of serum cytokine levels in patients with KFD, SJIA, or KD
	Comparison of serum cytokine levels in patients without MAS
	The potential role of serum cytokines in the diagnosis of KFD

	Discussion
	Conclusions
	Anchor 19
	Acknowledgements
	References


