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Purpose: Hemophagocytic lymphohistiocytosis (HLH) is a hyperinflammatory syndrome with many 
causes, including Kawasaki disease (KD). The purpose of this study was to identify the laboratory tests 
needed to easily differentiate KD with HLH from incomplete KD alone.
Methods: We performed a retrospective study on patients diagnosed with incomplete KD and incomplete 
KD with HLH (HLH-KD) between January 2012 and March 2015. We compared 8 secondary HLH patients 
who were first diagnosed with incomplete KD with all 247 incomplete KD diagnosed patients during the 
study period. The complete blood count, erythrocyte sedimentation rate, platelet count, and serum total 
protein, albumin, triglyceride, C-reactive protein, N-terminal pro-brain natriuretic peptide (NT-proBNP), 
and ferritin levels were compared. Clinical characteristics and echocardiography findings were also com
pared between the 2 groups.
Results: The total duration of fever was longer in the HLH-KD group than in the KD group. White blood cell 
and platelet counts were higher in the KD group. Alanine aminotransferase, ferritin, and coronary artery 
diameter were increased in the HLH-KD group compared with those in the KD group. The median  of NT-
proBNP was significantly higher in the HLH-KD group than in the KD group at 889.0 (interquartile range 
[IQR], 384.5–1792.0) pg/mL vs. 233.0 (IQR, 107.0–544.0) pg/mL.
Conclusion: The NT-proBNP level may be helpful in distinguishing incomplete KD from KD with HLH. The 
NT-proBNP level should be determined in KD patients with prolonged fever, in addition to the white blood 
cell count, platelet count, and ferritin level, to evaluate secondary HLH.

Key words: Mucocutaneous lymph node syndrome, Hemophagocytic lymphohistiocytosis, Brain 
natriuretic peptide, Ferritin

Introduction 

Kawasaki disease (KD) is an acute febrile vasculitis in infants and young children, pre­
dominantly affecting medium-sized vessels, including coronary arteries. To date, there is no 
specific laboratory test to predict KD; hence, clinical criteria are used to make the diagnosis.1) 
The classical diagnostic criteria for KD by the American Heart Association (AHA) include the 
existence of high fever for more than 5 days and the presence of at least 4 of the 5 follow­
ing criteria: (1) changes in extremities; (2) polymorphous exanthema; (3) bilateral bulbar 
conjunctival injection without exudates; (4) changes in lips and oral cavity; and (5) cervical 
lymphadenopathy (>1.5-cm diameter). Incomplete KD can also be diagnosed by the AHA 
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guideline, including prolonged fever over 5 days and 2–3 of stand­
ard clinical features of KD.1) 

KD includes many associated complications such as cardiac, 
neurological, hematological, renal and gastrointestinal manifesta­
tions. Hematologic complications of KD include hemophagocytic 
syndrome (HLH)2) and macrophage activation syndrome (MAS).3) 

The characteristic feature of HLH appears to be an overgrowth 
of histiocytes with subsequent histiocytic phagocytosis found in 
the blood cells of the lymph nodes, bone marrow, liver and spleen. 
This probably represents a multi-system disorder characterized by 
a dysregulation of the immune system with hypercytokinemia and 
hyperinflammation.4)

In previous studies, HLH was apparent in a prolonged or recurrent 
cases of KD.5-13) The mechanism by which KD develops into or trig­
gers HLH has not been full elucidated. Abnormal immune-regulation 
of T cells resulting in hypercytokinemia has been proposed to con­
tribute to the pathogenesis of both syndromes.4)

A differential diagnosis between KD and HLH can be difficult due 
to the similarity of their symptoms and signs. Hypercytokinemia is 
believed to drive the overactivation of immune cells, resulting in tis­
sue damage together with these cells.4,14,15) 

Current evidence suggests that N-terminal pro-brain natriuretic 
peptide (NT-proBNP) may be used as a diagnostic tool for KD. NT-
proBNP has a high diagnostic value for identifying KD in patients 
with protracted undifferentiated febrile illness.16-19) There has not 
been a study on NT-proBNP in secondary HLH following KD. Hence, 
the purpose of this study was to compare the clinical and laboratory 
characteristics of incomplete KD and HLH-KD and to determine 
which biomarkers may be easily differentiate KD with HLH from 
incomplete KD alone.

Materials and methods

1. Patients and materials 
The medical records of patients, who were diagnosed with incom­

plete KD and KD with HLH between January 2012 and March 2015, 
were retrospectively reviewed. The total of 255 children who met 
the diagnostic criteria for incomplete KD were enrolled. Incomplete 
KD can be diagnosed by the AHA guideline, including prolonged 
fever over 5 days and 2–3 of standard clinical features of KD.1) Eight 
secondary HLH patients who had previously been diagnosed with 
incomplete KD were compared with the 247 incomplete KD patients 
without HLH.2)

The study was approved by the Institutional Review Board of 
Ewha Womans University Mokdong Hospital (approval number: 
2017-11-017-002), and written informed consents were obtained 
from the parents of all subjects.

2. Laboratory test
We measured the following parameters at initial diagnosis of 

incomplete KD in both groups: white blood cell (WBC) count, per­
centage of neutrophil in WBC (% neutrophils), hemoglobin, platelet 
counts, aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), erythrocyte sedimentation rate (ESR), serum total protein, 
albumin, triglyceride (TG), C-reactive protein (CRP) and ferritin. We 
measured the NT-proBNP at presentation of HLH in HLH-KD group. 
Moreover, comparisons of the basic patient characteristics were 
made, including laboratory values and echocardiographic findings 
between KD patients and HLH-KD patients.

3. Diagnostic criteria
The diagnosis of incomplete KD by the AHA include prolonged 

unexplained fever, fewer than 4 of the principal clinical findings, 
and compatible laboratory or echocardiographic findings. Complete 
KD patients were excluded. We defined refractory KD patients as 
those who had recrudescent or persistent fever at least 36 hours after 
the end of initial intravenous immunoglobulin (IVIG) infusion.1)

The diagnostic criteria of HLH is met when at least 5 of the 8 
following criteria were fulfilled: (1) fever; (2) splenomegaly; (3) 
cytopenia affecting at least 2 of the 3 lineages in the peripheral 
blood ( hemoglobin <9 g/dL, in infants <4 weeks: hemoglobin <10 
g/dL, platelets  <100×103/mL, neutrophils  <1×103/mL); (4) hyper­
triglyceridemia (fasting, 265 mg/dL) and/or hypofibrinogenemia 
(<150 mg/dL); (5) hemophagocytosis in bone marrow, spleen, lymph 
nodes, or liver; (6) low or absent natural killer-cell activity; (7) ferritin 
>500 ng/mL; (8) elevated sCD25 (soluble IL-2 receptor≥2,400/mL).2) 

4. Echocardiography
Echocardiography was performed to detect the presence of coro­

nary artery lesions by pediatric cardiologists using an IE33 machine 
(Philips Medical System, Andover, MA, USA) with a S8 and S5 
transducer. Standard parasternal and apical views were taken. Two-
dimensional echocardiography and M-mode echocardiogram, 
pulsed, color-flow Doppler and tissue Doppler imaging were also 
taken. Coronary arteries were categorized as abnormal if (1) the 
internal lumen diameter was >3 mm in children younger than 5 
years of age and ≥4 mm in children aged ≥5 years; (2) the internal 
diameter of a segment measured ≥1.5 times that of an adjacent seg­
ment; or (3) the coronary lumen was clearly irregular.20)

5. Bone marrow aspiration
HLH is confirmed by bone marrow aspiration. The bone marrow 

finding shows histiocytic aggregation with hemophagocytic activity. 
The inserted photomicrographs shows hemophagocytosis, engulfed 
myelocytes and platelets (Wright stain, ×1,000) (Fig. 1).

6. Treatment
KD patients were treated with IVIG 2 g/kg for 10–12 hours. In 
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IVIG-resistant patients with only KD, a second dose of IVIG 2 g/kg 
was administrated if fever lasted at least 36 hours after the end of 
IVIG infusion.1) In addition, methyl prednisolone (30 mg/kg for 3 
consecutive days) or infliximab (5 mg/kg) were also applied to IVIG-
resistant patients. 

For HLH-KD patients, the goal of therapy is to suppress life-
threatening inflammation by destroying the immune cells.21,22) 
Therapy based on the HLH-2004 protocol consists of a series of 
weekly treatments with dexamethasone, cyclosporine and etoposide 
(VP-16). Intrathecal methotrexate and hydrocortisone are given to 
those with central nervous system disease. Some patients, especially 
familial type and refractory type, must also have their immune 
systems replaced by receiving a hematopoietic stem cell transplant 
in order to be cured of HLH.

7. Statistical analysis
IBM SPSS Statistics ver. 24.0 (IBM Co., Armonk, NY, USA) was 

used for all the statistical analyses. As continuous data were not 
satisfied normality assumption via Shapiro-Wilk test, results were 
presented as median with interquartile range. In categorical data, 
the summary value was expressed as the number of subjects and 
percent. To compare the clinical characteristics and laboratory data 
of patients with HLH-KD and that of KD, numeric data were used 
for Mann-Whitney U test and categorical data were used for Fisher 
exact test. The correlation between NT-proBNP and other factors in 
HLH-KD patients were analyzed using Spearman correlation. A P< 
0.05 was considered statistically significant. 

Results

1. Clinical and laboratory findings between 2 groups 
Table 1 shows the clinical characteristics between the incomplete 

KD group and the HLH-KD group. The median of age was younger 
in the KD group than the HLH-KD group 29.0 months (interquartile 
range [IQR], 12.0–48.0 months) vs. 62.0 months (IQR, 45.0–99.5 
months), P=0.002. The total duration of fever was longer in the HLH-
KD group than in the KD group 12.0 days (IQR, 11.0–14.5 days) vs. 
5.0 days (IQR, 4.0–6.0 days), P<0.001 (Table 1). However, there were 
no significant differences in the sex, conjunctival injection, cervical 
lymphadenopathy, skin rash, abnormalities of lip or oral mucosa, 
abnormalities of extremities and BCGitis.

According to the laboratory data, WBC 10.8×103/L (IQR, 8.4– 
14.1×103/L) vs. 5.3×103/L (IQR, 3.7–9.9×103/L), P=0.007 and platelet 
levels 292.0×109/L (IQR, 226.0–347.0×109/L) vs. 197.0×109/L (IQR, 
144.5–236.0×109/L), P=0.013 were higher in the KD group com­
pared with the HLH-KD group. Furthermore, AST 76.5 (IQR, 36.0–
186.5) IU/L vs. 29.0 (IQR, 22.0–39.5) IU/L, P=0.004 was higher in the 
HLH-KD group compared with the KD group (Table 2).

Ferritin was increased in the HLH-KD group compared with the 
KD group 3,122.0 ng/mL (IQR, 1,405.3–5,505.5 ng/mL) vs. 120.1 ng/
mL (IQR, 77.0–171.0 ng/mL), P<0.001. Fig. 2 shows a scattergram 
of the high ferritin level in the HLH-KD patients. NT-proBNP were 
significantly higher in the HLH-KD group compared with the KD 
group 889.0 pg/mL (IQR, 384.5–17,92.0 pg/mL) vs. 233.0 pg/mL 
(IQR, 107.0–544.0 pg/mL), P=0.005 (Table 2). 

TG was not significantly different between the 2 groups 80.0 (IQR, 
62.0–105.0) mg/dL vs. 104.5 (IQR, 81.0–135.5) mg/dL (Table 2). 
Moreover, there were no significant differences in hemoglobin, ESR, 
CRP, ALT, albumin, and total protein (Table 2). 

Fig. 1. Bone marrow in a hemophagocytic lymphohistiocytosis-Kawasaki 
disease patient (5-year-old male) with hemophagocytic lymphohistio
cytosis showed histiocytic aggregation with hemophagocytic activity. 
The photomicrograph shows hemophagocytosis, engulfed myelocytes, 
and platelets (Wright stain, ×1,000).

Table 1. Clinical characteristics of groups 1 and 2   

Characteristic Group 1 (n=247) Group 2 (n=8) P value

Male sex 136 (55.3) 6 (75.0) 0.472

Age (mo) 29.0 (12.0–48.0) 62.0 (45.0–99.5) 0.002

Total days of fever (day) 5.0 (4.0–6.0) 12.0 (11.0–14.5) <0.001

Fever duration ( >5 days) 152 (61.5) 8 (100) 0.027

Conjunctival injection 138 (55.9) 2 (25.0) 0.145

Cervical lymphadenopathy 80 (32.4) 3 (37.5) 0.718

Polymorphous skin rash 121 (49.0) 5 (62.5) 0.497

Abnormalities of lip or oral 
mucosa

102 (41.3) 2 (25.0) 0.478

Abnormalities of extremities 54 (21.9) 4 (50.0) 0.082

BCGitis 1 (0.4) 0 (0) 0.143

Values are presented as number (%) or median (interquartile range).
Group 1, Kawasaki disease (KD); group 2, hemophagocytic lymphohistiocytosis-
KD; BCG, Bacille de Calmette-Guerin.
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2. Echocardiography findings
Echocardiography findings were also compared between the 2 

groups. Coronary artery diameter was increased in the HLH-KD 
group compared with the KD group 2.1 mm (IQR, 1.7–3.5 mm) vs. 

3.9 mm (IQR, 3.6–4.2 mm), P=0.012 (Table 2).

3. Treatments
At first, the 247 incomplete KD patients were treated with IVIG 

(2 g/kg/day) for 10–12 hours. Of these, 241 patients responded to 
primary IVIG infusion. The remaining 6 IVIG-resistant patients: 
1 patient was treated with additional IVIG, 4 were treated with 
pulse intravenous methylprednisolone, and the other one was ad­
ministrated infliximab. They were retreated if fever was observed at 
least 36 hours after the end of initial IVIG infusion (Fig. 3). 

In the case of HLH-KD patients, all 8 patients were initially treated 
with IVIG (2 g/kg/day). Second IVIG was administrated to four of 
eight IVIG-resistant patients, and infliximab was also applied to one 
of them (Table 3, Fig. 3).

In the HLH-KD group, HLH-2004 chemo-immunotherapy was 
administrated. Mortality was observed in 2 out of 8 cases in the 
HLH-KD group. The average duration from KD to HLH onset was 
7.5 days (range, 2–21 days). The interval between diagnosis and 
mortality was different from patient to patient; in one patient was 7 
days, and the other case was 1 day (Table 3).

4. The correlation analysis between NT-proBNP and other fac
tors in HLH-KD patients 
NT-proBNP was significantly correlated with WBC (P=0.047). NT-

proBNP was not correlated with other factors such as ESR, ferritin, 
TG, CRP, AST, platelet and coronary artery diameter (Table 4). 

KD HLH-KD 
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Fig. 2. Scattergram of ferritin levels in incomplete KD and HLH-KD pati
ents. Ferritin level was significantly higher in HLH-KD patients than in 
incomplete KD patients. HLH, hemophagocytic lymphohistiocytosis; KD, 
Kawasaki disease.

Table 2. Laboratory data of groups 1 and 2 

Laboratory findings Group 1 (n=247) Group 2 (n=8) P value

Hb (g/dL) 11.5 (11.0–12.3) 11.6 (11.3–12.4) 0.711

WBC (×103/L) 10.8 (8.4–14.1) 5.3 (3.7–9.9) 0.007

Neutrophil (%) 54.0 (41.5–67.0) 49.0 (41.0–70.5) 0.785

Platelet (×109/L) 292.0 (226.0–347.0) 197.0 (144.5–236.0) 0.013

ESR (mm/hr) 31.0 (18.5–49.0) 28.0 (13.5–50.5) 0.726

CRP (mg/dL) 4.1 (1.7–7.8) 2.0 (1.1–3.4) 0.138

AST (IU/L) 29.0 (22.0–39.5) 76.5 (36.0–186.5) 0.004

ALT (IU/L) 22.0 (14.0–34.0) 41.5 (18.5–158.0) 0.101

Total protein (g/dL) 6.5 (6.2–6.9) 6.4 (5.8–7.0) 0.568

Albumin (g/dL) 3.8 (3.6–4.0) 3.8 (3.4–3.9) 0.167

NT-proBNP (pg/mL) 233.0 (107.0–544.0) 889.0 (384.5–1,792.0) 0.005

Coronary artery diameter (mm) 2.1 (1.7–3.5) 3.9 (3.6–4.2) 0.012

Ferritin (ng/mL) 120.1 (77.0–171.0) 3122.0 (1,405.3–5,505.5) <0.001

Triglyceride (mg/dL) 80.0 (62.0–105.0) 104.5 (81.0–135.5) 0.112

Values are presented as median (interquartile range).
Group 1, Kawasaki disease (KD); group 2, hemophagocytic lymphohistiocytosis-KD; Hb, hemoglobulin; WBC, white blood cell; ESR, erythrocyte sedimentation rate; 
CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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Discussion

HLH is a clinical syndrome of hyperinflammation resulting in 
an uncontrolled and ineffective immune response with hypercyto­
kinemia.18) Marked elevation of various cytokines, such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-6, IL-8, IL-10, IL-12, and IL-
18, has been documented using either in animal models or clinical 
observation.4) 

Primary HLH is an autosomal recessive disorder caused by a 
number of different perforin signaling mutations.23) Secondary HLH 
can be triggered by infection, malignancy, drugs and immunolo­
gical disease. As a serious complication of KD, secondary HLH is 
thought to result from a strong activation of the immune system, 
often caused by infection.24) Both KD and HLH have an inappro­
priate hypercytokinemia triggered by a variety of factors and 
greatly modified by genetic heterogeneity in response to infection 
or inflammation.25) To date, only primary HLH has been thought to 
involve genetic factors; however, recently, there is evidence of some 
degree of genetic predisposition even in secondary HLH.4) 

Early diagnosis and treatment of secondary HLH is important to 
prevent fatal outcomes. In our study, mortality was observed in 2 
out of 8 cases in the HLH-KD group. Two mortality cases of HLH-KD 
were expired within 1 week after diagnosis of HLH. Of the 2 patients 
who treated with HLH-2004 protocol, one died of pneumonia and 
the other died of disease aggravation.

Patients with secondary HLH treated with chemotherapy-based 
protocols have had only a 55% survival at the age of 3 years.23) Mor­
tality in secondary HLH has been reported to vary from 8%–22% 
in rheumatologic HLH to 18%–24% in Epstein Bar virus HLH.26) 
An HLH series of 20 patients showed a mortality rate of 60%, and 
deaths were attributed to invasive infections in eight cases.27) In a 
previous Turkish pediatric study, Karapinar et al.28) reported that 
survival was 43% in critically ill pediatric patients whose HLH and 
multiple organ dysfunction syndrome (MODS) were treated with 
the HLH-94 2004 protocol. Recently published adult data showed 
an 89% mortality rate in patients with virus-associated HLH treated 
with chemoimmune therapy.29) 

Management of this syndrome relies on the early diagnosis, the 
identification of a triggering pathogen or an underlying disease, 
and management of lymphocyte/macrophage proliferation and ac­
tivation. Severe cases are treated with chemotherapy, generally an 
etoposide-containing regimen, and hematopoietic stem cell trans­
plantation is the treatment for familial, severe, and persistent non-
familial cases.30) 

255 Total 

247 KD 8 HLH-KD 

241 Single IVIG 4 Single IVIG 
Multiple treatment 
- 1 2nd IVIG 
- 4 Methyl PD 
- 1 Infliximab 

Multiple treatment 
- 3 2nd IVIG 
- 1 2nd IVIG+Infliximab 

 

Fig. 3. Incomplete KD patients and medication in each group. HLH, hemophagocytic lympho
histiocytosis; KD, Kawasaki disease; IVIG, intravenous immunoglobulin; PD, prednisolone.

Table 3. Treatment regimen and clinical course in HLH-KD patients

No. KD type Treatment Onset of HLH Mortality

1 Incomplete 1st IVIG  2 Days -

2 Incomplete 1st IVIG     3 Weeks O

3 Incomplete 1st IVIG   5 Days -

4 Incomplete 1st IVIG   4 Days O

5 Incomplete 1st, 2nd IVIG+infliximab 10 Days -

6 Incomplete 1st, 2nd IVIG   8 Days -

7 Incomplete 1st, 2nd IVIG   6 Days -

8 Incomplete 1st, 2nd IVIG   4 Days -

HLH, hemophagocytic lymphohistiocytosis; KD, Kawasaki disease; IVIG, 
intravenous immunoglobulin.

Table 4. Correlation analysis between NT-proBNP and other factors in 
HLH-KD patients

NT-proBNP Correlation coefficient (ρ) P value

WBC   0.714 0.047

Platelet   0.333 0.420

ESR   0.012 0.978

CRP   0.503 0.204

AST -0.048 0.911

Coronary artery diameter   0.543 0.266

Ferritin   0.429 0.289

Triglyceride   0.310 0.456

NT-proBNP, N-terminal pro-brain natriuretic peptide; HLH, hemophagocytic 
lymphohistiocytosis; KD, Kawasaki disease; WBC, white blood cell; ESR, 
erythrocyte sedimentation rate; CRP, C-reactive protein; AST, aspartate amino
transferase.
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Patients with HLH frequently present prolonged high fever, pro­
gressive cytopenias, liver dysfunction, coagulopathy, and neurologic 
symptoms.13) In HLH-KD patient also had persistent fever with ab­
normal laboratory findings despite treatment of IVIG. 

There are various laboratory variables available for the diagnosis 
of HLH and the most widely used is ferritin. Hyperferritinemia has 
also been associated with HLH and many other inflammatory condi­
tions such as sepsis, systemic inflammatory response syndrome, 
MODS, and MAS.14) The magnitude of elevation in serum ferritin 
has been associated with a worse prognosis.15) Our study showed an 
extremely elevated ferritin level in the HLH-KD group (Fig. 2). 

Recently, a number of studies have examined the predictive 
value of BNP or NT-proBNP for differentiating KD from other 
febrile illnesses. Serum BNP is elevated due to ventricular wall 
stress imposed by volume or pressure overload. In addition to the 
hemodynamic stress, inflammation of the myocardial tissue may 
also induce the production of BNP.23) It was also elevated in systemic 
inflammatory response. For clinical use, NT-proBNP may have some 
advantages over BNP. NT-proBNP has a longer half-life (60–120 
minutes) than BNP (20–30 minutes) and the interpretation of serum 
levels of NT-proBNP is less affected by kidney functions. Another 
advantage of NT-proBNP is its stability at room temperature.17) 

In this study NT-proBNP was significantly higher in the HLH-KD 
group compared with the KD group. Furthermore, NT-proBNP was 
significantly correlated with WBC. NT-proBNP was not correlated 
with other factors such as ESR, ferritin, TG, CRP, AST, platelet, 
and coronary artery diameter. The highly elevated NT-proBNP 
is associated with cytokine reaction such as TNF-α and IL-1β.21) 
Therefore, the level of NT-proBNP can be increased by secondary 
HLH following KD with its mechanism originating from hypercyto­
kinemia. Our data indicates that NT-proBNP is an important helpful 
diagnostic marker for the differentiation of incomplete KD from 
secondary HLH following KD. 

This study has some limitations to consider. There has not been 
enough study on level of NT-proBNP in secondary HLH. The small 
sample size in this study may weaken the statistical analytic power. 
Nationwide epidemiologic collaborative studies may be necessary 
to increase the volume of HLH. This was a retrospective chart review 
study, and diagnosis was drawn from clinical documentation.  

It should be noted that treatment for the underlying KD with 
IVIG, steroid, or infliximab had already been administered before 
the diagnosis of HLH, and thus may have influenced the clinical and 
laboratory findings.

In conclusion, the laboratory tests to determine the levels of NT-
proBNP may help to distinguish incomplete KD patients from KD 
with HLH patients. 
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