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Kawasaki disease (KD) is a febrile disease of childhood characterized by systemic vasculitis that can lead to coronary artery lesions (CAL). This was a prospective cohort study to determine the levels of the pentraxin 3 (PTX3), soluble CD24-Subtype (Presepsin) and N-terminal pro-brain natriuretic peptide (NT-pro BNP) in consecutive KD patients. From January 2013 to March 2015, all patients with KD admitted to Aichi Medical University Hospital who provided consent had their plasma saved before IVIG administration. In total, 97 cases were registered. 22 cases of incomplete KD were excluded from the outcome analysis. The total 75 cases were used for statistical analyses. A PTX3 threshold of >7.92 ng/ml provided a specificity of 88.5 %, a sensitivity of 94.4 %, and a likelihood ratio as high as 15.92 for the diagnosis of KD compared with febrile non-KD controls. Although an echocardiographic diagnosis of CAL in the early course of the disease was confirmed in 24 cases, it was not in the remaining 51 cases. Neither NT-proBNP nor Presepsin had statistical significance for the prediction of the echocardiographic CAL diagnosis. Only PTX3 was significantly predictive of the echocardiographic CAL diagnosis (p=0.01). The PTX3 level was significantly higher in the intravenous immunoglobulin (IVIG) non-responders (45.9±7.45) than in the IVIG responders (17.0 ± 1.46 ng/ml) (p< 0.001). The PTX3 level also correlated with the number of IVIG treatment courses needed to resolve fever (R² =0.64). Persistent CAL (pCAL) formation was observed in three cases; one of aneurysm only and two aneurysms with dilatations. The patients with pCAL had significantly higher PTX3 levels (85 ± 8.4 ng/ml) than patients without pCAL (22 ± 2.2 ng/ml) (p< 0.0001). In terms of pCAL prediction, the area under the curve (AUC) of receiver operating characteristic ROC curve of PTX3 was 0.99, and it was significantly greater than that of Presepsin (0.67) or NT-proBNP (0.75). PTX3 is a soluble pattern recognition molecule that acts as a main component of the innate immune system. These data suggest that PTX3 can be utilized as a definitive biomarker for the prediction of IVIG resistance and subsequent CAL formation in patients with KD.
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Introduction

Kawasaki disease (KD) is an acute inflammatory disorder of unknown origin associated with medium-sized vessel vasculitis (1). However, inflammation of medium-sized arteries throughout the body, particularly of the coronary arteries, can occur during the acute phase of KD (2), and coronary artery aneurysms develop in the subacute phase (3). Coronary artery lesions (CAL), including dilations and aneurysms, respectively manifesting in the acute and transient form or persistent chronic form (designated as persistent CAL; pCAL), constitute the most serious complication. PCALs are the most common cause of acquired heart disease in children in developed countries (4, 5). Coronary artery aneurysms develop in 15–25% of untreated children and may lead to myocardial infarction, sudden death, or ischemic heart disease (6). Without treatment, mortality may approach 1%, usually within six weeks of onset (7).

Timely initiation of treatment with intravenous immunoglobulin (IVIG) has reduced the incidence of coronary artery aneurysms from 25% to 4% (8, 9). Even with treatment in the acute phase of KD with IVIG and aspirin, up to 5% of patients will develop serious and potentially life-threatening cardiac complications (10). Several scoring systems have been developed to identify children at highest risk for coronary artery abnormalities (11–13) and has been confirmed as a powerful predictor of coronary artery aneurysms in various Japanese studies. In other countries, however, it is not followed due to the imperfect performance of scoring systems (14).

Although the most appropriate treatment for patients who fail to respond to IVIG remains unclear, several suggestive trials have been reported. Severe KD that is resistant to IVIG may benefit from intravenous pulse corticosteroid therapy (15), infliximab infusion, or plasma exchange (PE) (16, 17). If a reliable biomarker were to be identified that would make it possible to distinguish the patients with KD at high risk for CAL formation, prompt initiation of second line therapy would lessen the risk of subsequent pCAL formation.

We hypothesized that the plasma concentrations of pentraxin 3 (PTX3), N-terminal pro-brain natriuretic peptide (NT-proBNP) or the soluble CD14 subtype (Presepsin) in patients with KD might be increased and thus reflect the severity of KD. We have expected that at least one of these might serve as a useful biological marker of CAL formation and prove useful as an additional part of the scoring systems. PTX3 is one of the pathogen recognition receptors (18). NT-proBNP is conventionally utilized as a biomarker to predict CAL formation. Presepsin represents a newly emerging sepsis marker. We examined the correlation between the measured values of these candidate markers and the rate of IVIG resistance as well as the incidence of coronary artery lesions.



Materials and Methods


Study Population and Laboratory Evaluation

The study was carried out in accordance with the principles of the Declaration of Helsinki and approved by the Institutional Review Board of the Aichi Medical University Hospital. Written informed consent was obtained from the subjects or their parents. All children recruited in this study were admitted to Aichi Medical University (AMU) in the period between January 2013 and March 2015. The children were evaluated by experienced clinicians at AMU and fulfilled the diagnostic criteria for KD as endorsed by the Diagnostic Guidelines for Kawasaki Disease (5th revision) (19). All of the KD patients were treated with oral aspirin (30 mg/kg per day) and IVIG (2 g/kg per day). 115 cases were registered in total. 18 cases that presented with fever, but with symptoms that were not compatible with KD, were excluded. 22 cases of incomplete KD were also excluded from the outcome analysis. 41 boys and 34 girls fulfilling the standard diagnostic criteria for KD were analyzed in the study. The plasma samples for research were collected from a total of 75 patients in three phases: 75 patients at the time of KD diagnosis/disease onset and prior to IVIG treatment (acute phase), 60 patients at 1 to 2 weeks following IVIG treatment (sub-acute phase), and 54 patients at 3 weeks to 4 months following disease onset (convalescent phase). There were 61 patients whose samples were obtained in all three phases. Along with these parameters, additional clinical laboratory data [i.e., ESR, CRP, the white blood cell (WBC) count, absolute lymphocyte count (ALC), absolute neutrophil count (ANC), platelet (PLT) count, D-dimer and alanine aminotransferase (ALT)] were evaluated for each phase of the disease. Samples from 18 children with fever, but with symptoms incompatible with KD, were used as febrile non-KD controls. Control plasma was also obtained from 20 non-febrile healthy control subjects during the course of the pre-operative evaluation.



Echocardiogram Measurements and Failure to Respond to IVIG

A complete echocardiogram was conducted as part of the standard diagnostic evaluation of KD for all patients in each phase of the disease according to the “Guidelines for Diagnosis and Management of Cardiovascular Sequelae in Kawasaki Disease” (JCS 2013) (20).



Quantification of Biomarker Candidates

Venous blood samples were collected in sterile tubes containing EDTA-potassium and centrifuged at 2000 g for 10 minutes at 4°C. The plasma samples were extracted from the aliquots and were immediately frozen and stored at −80°C until analysis. The plasma PTX3 and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels were determined by enzyme-linked immunosorbent assay (ELISA) (Perseus Proteomics Inc. Tokyo, Japan) (21) and Biomedica Medizin produkte GmbH & Co KG, Wien, Germany), respectively following the manufacturers’ instructions. Plates were analyzed in duplicate on a Spark™ 10M multimode microplate reader (Tecan Trading AG, Switzerland). The plasma Presepsin level was determined using a chemiluminescent enzyme immunoassay (CLEIA) (Pathfast™, Chemical Medience Corporation, Tokyo, Japan) (22).




Statistical Analysis

Statistical analysis was performed using the statistical software package Prism 8.0 for Windows (GraphPad, San Diego, CA, USA). Student's t-test was used for comparison between normally distributed continuous data. One-way or two-way ANOVA followed by Bonferroni’s comparison was used as a post hoc test to evaluate the statistical difference between more than two groups. The t-test analysis was used to evaluate the statistical difference between two groups. Non-parametric analysis using the Mann–Whitney U test was utilized for continuous data that did not follow a normal distribution. The relationship between quantitative variables was assessed using the Spearman correlation coefficient. Statistical significance was taken as p < 0.05. To compare the power of plasma biomarker candidates to predict IVIG unresponsiveness or CAL formation, receiver-operating curves (ROCs) were plotted and area under the curves (AUCs) were calculated. The optimal cut-off points were determined using ROC curves to maximize the sensitivity and specificity.



Results


Clinicoepidemiological Characteristics of the KD Patients

The plasma samples used for research were collected from 75 children enrolled during the study period. One boy had two episodes of KD and one girl had three episodes of KD. Seven cases of KD received no IVIG; 45 cases, one dose; 19 cases, two doses; 4 cases, three doses (Table 1). Among the 68 IVIG-treated KD patients, 46 cases were IVIG responders and 22 cases were IVIG non-responders. Infliximab was administered to two patients after two doses of IVIG. Plasma exchange was performed in two patients after three doses of IVIG. An elective second line use of steroids was not employed in this cohort. Of the 75 patients, 24 had transient coronary artery lesions detected by echocardiography. Ultimately, three patients had persistent CAL sequelae according to echocardiography and 72 did not.


Table 1 | Clinical characteristics of patients with Kawasaki disease.





Elevated Levels of PTX-3, NT-proBNP During Acute KD

The KD patients were evaluated for the respective circulating levels of PTX3, NT-proBNP and Presepsin throughout the clinical course of the disease. We set three sampling time points during the disease course: at the time of onset of KD or before IVIG (Pre-IVIG), after IVIG (Post-IVIG) and during convalescence period after resolution of the fever (Conv). The PTX3 and NT-proBNP levels were significantly higher in the before-IVIG group compared with febrile non-KD controls (Figures 1A, B). Both were significantly decreased in the KD patients after IVIG treatment. The levels of Presepsin in the patients with KD were not significantly higher than in the febrile non-KD controls (Figure 1C). Plasma Presepsin was not upregulated during the acute phase.

The PTX3 levels of healthy controls and febrile non KD patients on admission were 3.8 ± 0.35 ng/ml (n=20) and 11.8 ± 2.2 ng/ml (n=18), respectively. The PTX3 levels in the KD patients (33.4 ± 7.3 ng/ml) were significantly higher than those in the non-KD febrile controls (11.8 ± 2.2 ng/ml; p < 0.001). The PTX3 threshold of >7.92 ng/ml provided a specificity of 88.5 %, a sensitivity of 94.4 %, and a likelihood ratio as high as 15.92 for the diagnosis of KD compared with the febrile non-KD controls. The high levels of PTX3 noted before IVIG treatment decreased after treatment (Pre-IVIG, 33.4 ± 7.3 ng/ml; Post-IVIG, 9.64 ± 3.61 ng/ml; Figure 1A).




Figure 1 | Plasma levels of PTX3, NT-proBNP and Presepsin during the disease course of KD. Unpaired Student t-test. Comparison of the level of PTX3 (A), NT-proBNP (B), and Presepsin (C) in healthy non-febrile controls, non-KD febrile controls, and KD. Between-group differences were determined using ANOVA and logical regression analysis. A: Circulating levels of PTX3 throughout KD. B: Circulating levels of NT-proBNP throughout KD. C: Circulating levels of Presepsin throughout KD. ns, not significant; *p < 0.05, **p < 0.01, ***p < 0.005, ****p < 0.001. HC, healthy controls; Non-KD, non KD febrile disease; at the time of onset of KD or before IVIG (Pre-IVIG), after IVIG (Post-IVIG); Conv, convalescent.





Plasma PTX3, NT-proBNP and Presepsin Levels and Coronary Artery Lesions in Acute Phase KD 

In the acute phase of KD, the high echo density of the perivascular area of the coronary artery or coronary artery dilatation (echocardiographic CAL diagnosis; echoCAL) was detected in 23 cases by echocardiography (Table 2). There were no significant differences in the age or the ratio of males to females between the echoCAL (–) and echoCAL (+) groups. No significant difference was found for the day of illness at the time of IVIG administration (5.4 [3-8] and 5.3 [3-12] day) and the sampling day of the illness (4.5[1-7] and 4.7 [2-12] day). There were no significant differences in any other of the examined variables, such as WBC count, serum sodium, CRP, D-dimer, ALT and Albumin levels between the 2 groups. The result of using an independent t-test indicated that the p-values of NT-proBNP and Presepsin were both 0.05 or higher, and there was thus no statistical significance. The p-value of PTX3 was considered significant at 0.01


Table 2 | Demographic, laboratory characteristics of patients at the time of diagnosis in the groups without CAL and with CAL.





The PTX3, NT-proBNP and Presepsin Levels Used to Predict IVIG Resistance/Non-Responders

IVIG resistance was defined as a persistent or recurrent fever for more than 48 h after completion of the initial IVIG treatment. Failure to respond is typically defined as persistent or recrudescent fever ≥24 hours after completion of the initial IVIG infusion. Plasma levels were determined in the IVIG responders (n = 46) and IVIG non-responders with KD (n = 22) in evaluating the IVIG response. Twenty-two of the 68 IVIG-treated patients were non-responders (IVIG res (-)) (Table 3). There was no significant difference in sex, the day of illness at the time of IVIG administration, nor the sampling day of illness between the IVIG res (+) and IVIG res (-). The number of patients who developed CAL was not significantly higher in the IVIG res (+) group (41% in IVIG res (+) vs 50% in IVIG res (-) group, p=0.49). In addition, no significant differences were observed for any of the other variables examined, including the WBC count, serum sodium level, CRP level, ALT and serum albumin level between the 2 groups. Analyses with an unpaired t test showed that the P value of NT-proBNP, Presepsin and PTX3 for IVIG resistance vs. responsiveness was 0.19, 0.04 and 0.001, respectively. PTX3 and Presepsin were significant. PTX3 exhibited a higher degree of significance than either NT-proBNP or Presepsin. The PTX3 values in the IVIG non-responders (n = 22) were significantly higher when compared to the IVIG responders (n= 46) (37.29±31.3 vs. 18.2±12.5; p=0.001). The threshold of >33.2 ng/ml PTX3 provided a sensitivity of 64.3% (95% CI: 53.35 to 81.83%), a specificity of 83.3% (95% CI: 54.35 to 95.95%), and a likelihood ratio as high as 12.2 for the diagnosis of “IVIG non-responder”.


Table 3 | Demographic, laboratory characteristics of patients at the time of diagnosis in the IVIG responsive group, and the IVIG resistant group.





Correlation of the PTX3, NT-proBNP and Presepsin Levels With IVIG Resistance

Figure 2 shows the plasma PTX3 value before IVIG treatment in patients who required 0, 1, 2, or 3 doses of IVIG to resolve the KD. The correlation of the IVIG dose number was obtained using the IVIG correlation coefficient which is a test of such a correlation. No significant correlation was found between the NT-proBNP or Presepsin level and the number of doses of IVIG needed to resolve inflammation in KD. The PTX3 levels in KD patients who required zero, one, two, or three doses of IVIG to resolve the KD were 12.5 ± 3.5, 21.0 ± 7.8, 35.6 ± 27.5, and 72.2 ± 32.8 ng/ml, respectively (significantly different according to one-way ANOVA, p < 0.05). The PTX3 level was also significantly correlated with the number of IVIG treatments needed to resolve fever. (p< 0.001). There was a strong correlation between the PTX3 value and the number of doses administered IVIG; y = 22.18 x - 4.27, R² =0.64.




Figure 2 | Correlation curve showing the dose of IVIG needed to resolve KD versus PTX3, NT-proBNP and Presepsin levels. The plasma PTX3 (A), NT-proBNP (B) and Presepsin (C) levels are plotted against the dose of IVIG needed to resolve the KD. Zero indicates cases treated with aspirin only (non-IVIG). The PTX3 levels exhibited a significant correlation with IVIG doses required to resolve KD (y = 22.177 x - 4.2684, R² = 0.6402). ns, not significant; *p < 0.05, **p < 0.01, ***p < 0.005, ****p < 0.001.





PTX3 and Coronary Abnormalities 

The patients with pCAL had higher PTX3 levels than those without pCAL (85 ± 8.4 vs. 22 ± 2.2 ng/ml, p < 0.0001). The NT-proBNP and Presepsin levels in KD patients with pCAL were not significantly higher than those without pCAL. All three cases with pCAL formation were IVIG non-responders (Figure 3A). The plasma PTX3 values on admission of these patients were 72.4, 91.8, and 101 ng/ml, the highest values in this study. Figure 3B shows the AUC and predictive power for pCAL of the candidate biomarker levels at the time of admission. The respective AUC value of PTX3, NT-proBNP and Presepsin was 0.99±0.014 (95% CI: 0.96 to 1.00, p=0.005), 0.86±0.054 (95% CI: 0.75 to 0.96, p=0.039), and 0.67± 0.15 (95% CI: 0.37 to 0.96, p=0.33). The cut-off value of 60.8 ng/ml that was used to predict subsequent pCAL had a sensitivity of 1.00 (95% CI: 29.24 to 100.0%), a specificity of 0.98 (95% CI: 88.09 to 99.58%), and a likelihood ratio of 29.0.




Figure 3 | AUC and predictive power of the biomarker candidate levels at the time of admission. (A) Unpaired Student t-test. Comparison of the PTX3 level in patients with or without pCAL. ****p < 0.001. (B) ROC curves comparing the sensitivity and specificity of certain variables and CAL formation; the AUC values of PTX3, NT-proBNP and Presepsin were respectively 0.9885±0.014 (95% confidence interval [CI]: 0.961 to 1.00, p = 0.005), 0.8563±0.054 (95% CI: 0.7513 to 0.9614, p = 0.039), and 0.6667± 0.148 (95% CI: 0.3765 to 0.9568, p = 0.33). The cut-off value of 69 ng/ml to predict subsequent CAL had a specificity of 1.00, sensitivity of 0.98, and a likelihood ratio of 49.0 PTX3, filled circles •; NT-proBNP, open circles ○; Presepsin, open triangles △.






Discussion

Prediction of CAL risk has become an important issue in KD because of recent advances in the therapeutic strategies available, such as prednisolone therapy (15) or treatment with a tumor necrosis factor-alpha antagonist (23), advances that enable stratification of the initial treatment for the patients with a high level of predicted risk. Thus, we carried out this collateral analysis to ascertain the diagnostic accuracy of PTX3, NT-proBNP and Presepsin in detecting CAL before the initial IVIG treatment.

NT-proBNP has been suggested to be a potential diagnostic biomarker for KD (24). NT-proBNP as a risk predicter of CAL after first being reported by Kaneko et al. (25), was suggested to be associated with the development of CAL. It was shown by a meta-analysis performed to ascertain the diagnostic value of NT-proBNP in detecting CAL in KD that the overall diagnostic sensitivity and specificity were 0.84 (95% CI: 0.78-0.89) and 0.71 (95% CI: 0.68-0.75), respectively. The area under the summary receiver operating characteristic curves (SROC) value was 0.8582 ± 0.0531 (24). The AUC value in our study was 0.6316 ± 0.08 (95% CI: 0.47 to 0.79), which is comparable to that of SROC in terms of meta-analysis. Both AUC values are still inferior to that of our PTX3 data of 0.9885±0.014 (95% CI: 0.96 to 1.00, p=0.005).

Presepsin is also known as a soluble cluster of differentiation (CD)14 subtype, which is a humoral risk stratification marker for systemic inflammatory response syndrome and sepsis. The results of many clinical studies have indicated that Presepsin is a useful biomarker not only for early diagnosis, but also for risk stratification and prognosis prediction for sepsis in adults (26) as well as children (27). The present study shows that Presepsin was, as the case in sepsis (28), inferior to PTX3 in predicting IVIG resistance and/or CAL formation.

The pathophysiology of the acute phase of Kawasaki disease is characterized by excessive activation of the innate immune system and is accompanied by an increase in inflammatory cytokines and chemokines (29). Furthermore, it is thought that these factors trigger the induction of the fever, acute phase protein production in the blood, neutrophil increase, and vasculitis. PTX3 is a prototypic soluble pattern recognition receptor in the innate immune system that is expressed at sites of inflammation and is involved in regulation of the tissue homeostasis (18). PTX3 has also been studied as a diagnostic biomarker for sepsis. PTX3 levels are low under normal conditions (<2 ng/ml in adults, 1.24 ng/ml [0.87–2.08] in children) (30), but the plasma PTX3 concentrations increase in certain conditions such as sepsis, small-vessel vasculitis (31), and acute myocardial infarction (32). In sepsis, PTX3 may serve as an early marker of the severity and outcome of the disease. PTX3 is correlated with the severity of sepsis in febrile patients presenting with the disease in hospital emergency rooms (33). PTX3 levels also elevated in patients with systemic inflammation (median = 71.3 ng/ml) (34). A role for PTX3 as a sensitive marker of vascular inflammation has also been proposed (18, 35). The innate immune system, which is considered to be involved in the pathogenesis of KD, includes a humoral arm such as PTX3 that is complementary to cellular recognition and effector function (18).

In this study, we observed the following in patients with KD. a) The plasma PTX3 and NT-proBNP values were significantly increased compared with these values in non KD febrile patients determined before IVIG. Using 25.7 ng/ml as the optimal cut-off, we identified PTX3 as an excellent biomarker for the purpose of differentiating KD cases from non-KD cases, including subjects highly suspected of KD. b) Patients with acute early coronary lesions presented with a greater increase in the PTX3 plasma values than patients without any acute early coronary artery lesions. c) Patients who had PTX3 plasma values exceeding 33.2 ng/ml exhibited increased risk of IVIG resistance. d) A significant correlation was found between the levels of PTX3 and the corresponding number of doses of IVIG treatment needed to resolve the inflammation caused by KD (p < 0.01). e) The cut-off value of 60.8 ng/ml to predict subsequent CAL had a specificity of 1.00, sensitivity of 0.98, and a likelihood ratio of 29.0.

Katsube et al. reported the PTX3 level in 56 patients with KD. They determined that the PTX3 levels in unresponsive cases (n=7) were significantly higher than in responsive cases (n=49) (55.3 vs. 18.9; p<0.01). There were two cases of CAL among the unresponsive cases, and the PTX3 values in these cases were 63.7 and 89.3 ng/ml (36). These PTX3 values are similar to those of the three CAL cases in our study. The sensitivity and specificity of PTX3 in predicting IVIG unresponsiveness were 85.7 and 95.9 % when the PTX3 cut-off value was set at 40 ng/ml (36). In our study, the cut-off value of 60.8 ng/ml used to predict subsequent CAL had a specificity of 1.00, sensitivity of 0.98, and a likelihood ratio of 29.0. A very similar predictive power was observed in an independent report (37). We also observe that the plasma PTX3 level was elevated in KD before IVIG to 33.4 ± 7.3, more than 10 times higher than the normal value in controls (2.7 ± 1.0) (30), and returned to an improved but still abnormal level of 9.64 ± 3.61 during convalescence. Katsube et al also reported the sustained PTX3 elevation that implies continuing silent vasculitis even in one month after the onset of KD.

Recently, Ching et al. reported that significantly higher serum PTX3 levels in patients with CAL compared to patients without CAL, as well as IVIG resistance during the acute phase of KD. They concluded PTX3 as a sensitive marker for coronary artery dilation in KD rather than IVIG resistance (38). Our observation is consistent with them regarding to coronary artery dilatation and IVIG resistance. In this study, we found that the elevated PTX3 level correlated with the number of doses administered IVIG. In our cohort, there were three cases of pCAL formation with highly elevated plasma PTX3 level. These results suggested that the PTX3 is a good marker for pCAL formation and the severity of KD. Our results further strengthen their recommendation to utilize PTX3 in assessing KD patients.

The limitations of this study include limited sample size, particularly within the pCAL group. However, the results clearly demonstrate a significant elevation of the PTX3 level in KD patients that is correlated with required IVIG doses for responsiveness. These data further suggest a specific role for PTX3 in KD disease severity as well as the treatment response. Future studies should focus on investigating the underlying mechanisms by which PTX3 and other innate immunity proteins are involved in KD pathogenesis and CAL development.



Conclusions

It is demonstrated that PTX3 is highly useful in the diagnosis of KD. The PTX3 level before IVIG was a strong and sensitive predictor of IVIG non-responsiveness and subsequent CAL formation, and may help identify high-risk patients requiring additional second-line therapy other than repeated IVIG treatment alone. According to these results, the prognostic value of PTX3 as a single biomarker is the best available when compared with the currently used risk scoring systems (e.g. the Kobayashi Score) (11), or other proposed predictors such as NT-proBNP or Presepsin. A particularly high level of PTX3 is also an independent predictor of CAL formation after fever resolution.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available from the corresponding author TK on request.



Ethics Statement

The studies involving human participants were reviewed and approved by Institutional Review Board of the Aichi Medical University Hospital. Written informed consent to participate in this study was obtained from the participants’ legal guardian/next of kin.



Author Contributions

TK participated in the design of the study, collected data, interpreted the data, did the statistical analysis, and wrote the initial draft report. TO performed the NT-pro BNP assay, collected data, interpreted data, and revised the report. AO supervised his assay. RB performed and read echocardiography and defined the final outcome of the KD patient for any coronary artery lesions. YK performed the PTX3 and Presepsin assay. YY and HM supervised his assay. KD and TH participated in the design of the study and reviewed the manuscript, and approved the final manuscript as submitted. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by Tokai Foundation for Technology (to TK) Toyohashi, Aichi, Japan, and Research grants project number AS242Z02588P (to TK and TH) from the New Energy and Industrial Technology Development Organization, Minister of Economy, Trade, and Industry, Japan. This work was supported by JSPS KAKENHI grant number JP16K08422 (to TK, TM, HM, KD, and TH).



Acknowledgments

We thank Dr. Kenta Murotani, Biostatics Center, Graduate School of Medicine, Kurume University, Kurume, Japan who checked our final statistics analysis. Pacific Edit reviewed the manuscript prior to submission.



Abbreviations

AUC, area under curve; CAA, coronary artery aneurysm; CAL, coronary artery lesion; IVIG, intravenous gamma-globulin; KD, Kawasaki disease; ROC curve, receiver operating characteristic curve.



References

1. Kawasaki, T. Acute febrile mucocutaneous syndrome with lymphoid involvement with specific desquamation of the fingers and toes in children. Arerugi (1967) 16(3):178–222.

2. Rowley, AH, Baker, SC, Orenstein, JM, and Shulman, ST. Searching for the cause of Kawasaki disease — cytoplasmic inclusion bodies provide new insight. Nat Rev Microbiol (2008) 6(5):394–401. doi: 10.1038/nrmicro1853

3. Saadoun, D, Vautier, M, and Cacoub, P. Medium- and Large-Vessel Vasculitis. Circulation (2021) 143(3):267–82. doi: 10.1161/circulationaha.120.046657

4. Dietz, SM, Van Stijn, D, Burgner, D, Levin, M, Kuipers, IM, Hutten, BA, et al. Dissecting Kawasaki disease: a state-of-the-art review. Eur J Pediatr (2017) 176(8):995–1009. doi: 10.1007/s00431-017-2937-5

5. Singh, S, Vignesh, P, and Burgner, D. The epidemiology of Kawasaki disease: a global update. Arch Dis Child (2015) 100(11):1084–8. doi: 10.1136/archdischild-2014-307536

6. Kato, H, Sugimura, T, Akagi, T, Sato, N, Hashino, K, Maeno, Y, et al. Long-term consequences of Kawasaki disease. A 10- to 21-year follow-up study of 594 patients. Circulation (1996) 94(6):1379–85. doi: 10.1161/01.cir.94.6.1379

7. Kawasaki, T, Kosaki, F, Okawa, S, and Shigematsu, I. Yanagawa H. A New Infantile Acute Febrile Mucocutaneous Lymph Node Syndrome (MLNS) Prevailing in Japan. Pediatrics (1974) 54(3):271–6.

8. Furusho, K, Kamiya, T, Nakano, H, Kiyosawa, N, Shinomiya, K, Hayashidera, T, et al. High-dose intravenous gammaglobulin for Kawasaki disease. Lancet (1984) 2(8411):1055–8. doi: 10.1016/S0140-6736(84)91504-6

9. Newburger, JW, Takahashi, M, Beiser, AS, Burns, JC, Bastian, J, Chung, KJ, et al. A Single Intravenous Infusion of Gamma Globulin as Compared with Four Infusions in the Treatment of Acute Kawasaki Syndrome. New Engl J Med (1991) 324(23):1633–9. doi: 10.1056/NEJM199106063242305

10. Dajani, AS, Taubert, KA, Takahashi, M, Bierman, FZ, Freed, MD, Ferrieri, P, et al. Guidelines for long-term management of patients with Kawasaki disease. Report from the Committee on Rheumatic Fever, Endocarditis, and Kawasaki Disease, Council on Cardiovascular Disease in the Young, American Heart Association. Circulation (1994) 89(2):916–22. doi: 10.1161/01.cir.89.2.916

11. Kobayashi, T, Inoue, Y, Takeuchi, K, Okada, Y, Tamura, K, Tomomasa, T, et al. Prediction of Intravenous Immunoglobulin Unresponsiveness in Patients With Kawasaki Disease. Circulation (2006) 113(22):2606–12. doi: 10.1161/circulationaha.105.592865

12. Egami, K, Muta, H, Ishii, M, Suda, K, Sugahara, Y, Iemura, M, et al. Prediction of resistance to intravenous immunoglobulin treatment in patients with Kawasaki disease. J Pediatr (2006) 149(2):237–40. doi: 10.1016/j.jpeds.2006.03.050

13. Sano, T, Kurotobi, S, Matsuzaki, K, Yamamoto, T, Maki, I, Miki, K, et al. Prediction of non-responsiveness to standard high-dose gamma-globulin therapy in patients with acute Kawasaki disease before starting initial treatment. Eur J Pediatr (2007) 166(2):131–7. doi: 10.1007/s00431-006-0223-z

14. Newburger, JW, Takahashi, M, Gerber, MA, Gewitz, MH, Tani, LY, Burns, JC, et al. Diagnosis, Treatment, and Long-Term Management of Kawasaki Disease. Circulation (2004) 110(17):2747–71. doi: 10.1161/01.cir.0000145143.19711.78

15. Kobayashi, T, Saji, T, Otani, T, Takeuchi, K, Nakamura, T, Arakawa, H, et al. Efficacy of immunoglobulin plus prednisolone for prevention of coronary artery abnormalities in severe Kawasaki disease (RAISE study): a randomised, open-label, blinded-endpoints trial. Lancet (2012) 379(9826):1613–20. doi: 10.1016/S0140-6736(11)61930-2

16. Newburger, JW, Takahashi, M, Gerber, MA, Gewitz, MH, Tani, LY, Burns, JC, et al. Diagnosis, Treatment, and Long-Term Management of Kawasaki Disease: A Statement for Health Professionals From the Committee on Rheumatic Fever, Endocarditis and Kawasaki Disease, Council on Cardiovascular Disease in the Young, American Heart Association. Circulation (2004) 110(17):2747–71. doi: 10.1161/01.cir.0000145143.19711.78

17. Shimada, S, Matsuoka, D, Murase, T, Hachiya, A, Motoki, N, and Nakazawa, Y. Impact of infliximab administration before plasma exchange therapy on patients with Kawasaki disease. Ther Apher Dial (2020) 24(6):718–24. doi: 10.1111/1744-9987.13486

18. Garlanda, C, Bottazzi, B, Magrini, E, Inforzato, A, and Mantovani, A. PTX3, a Humoral Pattern Recognition Molecule, in Innate Immunity, Tissue Repair, and Cancer. Physiol Rev (2018) 98(2):623–39. doi: 10.1152/physrev.00016.2017

19. Ayusawa, M, Sonobe, T, Uemura, S, Ogawa, S, Nakamura, Y, Kiyosawa, N, et al. Revision of diagnostic guidelines for Kawasaki disease (the 5th revised edition). Pediatr Int (2005) 47(2):232–4. doi: 10.1111/j.1442-200x.2005.02033.x

20. Group, JCSJW. Guidelines for Diagnosis and Management of Cardiovascular Sequelae in Kawasaki Disease (JCS 2013)– Digest Version –. Circ J (2014) 78(10):2521–62. doi: 10.1253/circj.CJ-66-0096

21. Inoue, K, Sugiyama, A, Reid, PC, Ito, Y, Miyauchi, K, Mukai, S, et al. Establishment of a high sensitivity plasma assay for human pentraxin3 as a marker for unstable angina pectoris. Arterioscler Thromb Vasc Biol (2007) 27(1):161–7. doi: 10.1161/01.ATV.0000252126.48375.d5

22. Sato, M, Takahashi, G, Shibata, S, Onodera, M, Suzuki, Y, Inoue, Y, et al. Clinical Performance of a New Soluble CD14-Subtype Immunochromatographic Test for Whole Blood Compared with Chemiluminescent Enzyme Immunoassay: Use of Quantitative Soluble CD14-Subtype Immunochromatographic Tests for the Diagnosis of Sepsis. PloS One (2015) 10(12):e0143971. doi: 10.1371/journal.pone.0143971

23. Miura, M, Kobayashi, T, Igarashi, T, Hamada, H, Iwata, N, Sasaki, Y, et al. Real-world Safety and Effectiveness of Infliximab in Pediatric Patients With Acute Kawasaki Disease: A Postmarketing Surveillance in Japan (SAKURA Study). Pediatr Infect Dis J (2020) 39(1):41–7. doi: 10.1097/INF.0000000000002503

24. Zheng, X, Zhang, Y, Liu, L, Yue, P, Wang, C, Zhou, K, et al. N-terminal pro-brain natriuretic peptide as a biomarker for predicting coronary artery lesion of Kawasaki disease. Sci Rep (2020) 10(1):5130. doi: 10.1038/s41598-020-62043-6

25. Kaneko, K, Yoshimura, K, Ohashi, A, Kimata, T, Shimo, T, and Tsuji, S. Prediction of the risk of coronary arterial lesions in Kawasaki disease by brain natriuretic peptide. Pediatr Cardiol (2011) 32(8):1106–9. doi: 10.1007/s00246-011-9986-8

26. Masson, S, Caironi, P, Spanuth, E, Thomae, R, Panigada, M, Sangiorgi, G, et al. Presepsin (soluble CD14 subtype) and procalcitonin levels for mortality prediction in sepsis: data from the Albumin Italian Outcome Sepsis trial. Crit Care (2014) 18(1):R6. doi: 10.1186/cc13183

27. Nakanishi, K, Kasashima, S, Ishii, Y, Shimoeda, H, and Kawashima, A. Clinical Use of Presepsin Compared with That of Procalcitonin in Children with Sepsis. Rinsho Byori Jpn (2016) 64(10):1128–33.

28. El Gendy, FM, El-Mekkawy, MS, Saleh, NY, Habib, MSE, and Younis, FE. Clinical study of Presepsin and Pentraxin3 in critically ill children. J Crit Care (2018) 47:36–40. doi: 10.1016/j.jcrc.2018.06.004

29. Hara, T, Nakashima, Y, Sakai, Y, Nishio, H, Motomura, Y, and Yamasaki, S. Kawasaki disease: a matter of innate immunity. Clin Exp Immunol (2016) 186(2):134–43. doi: 10.1111/cei.12832

30. Yamasaki, K, Kurimura, M, Kasai, T, Sagara, M, Kodama, T, and Inoue, K. Determination of physiological plasma pentraxin 3 (PTX3) levels in healthy populations. Clin Chem Lab Med (2009) 47(4):471–7. doi: 10.1515/cclm.2009.110

31. Fazzini, F, Peri, G, Doni, A, Dell'Antonio, G, Dal Cin, E, Bozzolo, E, et al. PTX3 in small-vessel vasculitides: an independent indicator of disease activity produced at sites of inflammation. Arthritis Rheum (2001) 44(12):2841–50. doi: 10.1002/1529-0131(200112)44:12<2841::AID-ART472>3.0.CO;2-6

32. Ristagno, G, Fumagalli, F, Bottazzi, B, Mantovani, A, Olivari, D, Novelli, D, et al. Pentraxin 3 in Cardiovascular Disease. Front Immunol (2019) 10(823):1–12. doi: 10.3389/fimmu.2019.00823

33. Muller, B, Peri, G, Doni, A, Torri, V, Landmann, R, Bottazzi, B, et al. Circulating levels of the long pentraxin PTX3 correlate with severity of infection in critically ill patients. Crit Care Med (2001) 29(7):1404–7. doi: 10.1097/00003246-200107000-00017

34. Bastrup-Birk, S, Skjoedt, M-O, Munthe-Fog, L, Strom, JJ, Ma, YJ, and Garred, P. Pentraxin-3 serum levels are associated with disease severity and mortality in patients with systemic inflammatory response syndrome. PloS One (2013) 8(9):e73119–9. doi: 10.1371/journal.pone.0073119

35. Ramirez, GA, Rovere-Querini, P, Blasi, M, Sartorelli, S, Di Chio, MC, Baldini, M, et al. PTX3 Intercepts Vascular Inflammation in Systemic Immune-Mediated Diseases. Front Immunol (2019) 10(1135):1125–34. doi: 10.3389/fimmu.2019.01135

36. Katsube, Y, Akao, M, Watanabe, M, Abe, M, Kamisago, M, Fukazawa, R, et al. PTX3, A New Biomarker for Vasculits, Predicts Intraveous Immunoglobulin Unrespnsiveness in Patients with Kawasaki Disease. J Am Coll Cardiol (2011) 57(14s1):E2038. doi: 10.1016/S0735-1097(11)62038-X

37. Yoshikane, Y, Fukazawa, R, Hirono, K, Kobayashi, N, Imanaka-Yoshida, K, and Katsube, Y. Predicting the treatment-resistant Kawasaki disease by biomarker, Tenascin C and Pentraxin 3. In: The 40th Annual Meeting of the Japanese Society of Kawasaki Disease, vol. 40. The Japanese Society of Kawasaki Disease (2020). p. 76.

38. Ching, LL, Nerurkar, VR, Lim, E, Shohet, RV, Melish, ME, and Bratincsak, A. Elevated Levels of Pentraxin 3 Correlate With Neutrophilia and Coronary Artery Dilation During Acute Kawasaki Disease. Front Pediatr (2020) 8:295. doi: 10.3389/fped.2020.00295



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Kitoh, Ohara, Muto, Okumura, Baba, Koizumi, Yamagishi, Mikamo, Daigo and Hamakubo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Increased Pentraxin 3 Levels Correlate With IVIG Responsiveness and Coronary Artery Aneurysm Formation in Kawasaki Disease

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Population and Laboratory Evaluation

          



          		

            Echocardiogram Measurements and Failure to Respond to IVIG

          



          		

            Quantification of Biomarker Candidates

          



        



        



        		

          Statistical Analysis

        



        		

          Results

        

          		

            Clinicoepidemiological Characteristics of the KD Patients

          



          		

            Elevated Levels of PTX-3, NT-proBNP During Acute KD

          



          		

            Plasma PTX3, NT-proBNP and Presepsin Levels and Coronary Artery Lesions in Acute Phase KD 

          



          		

            The PTX3, NT-proBNP and Presepsin Levels Used to Predict IVIG Resistance/Non-Responders

          



          		

            Correlation of the PTX3, NT-proBNP and Presepsin Levels With IVIG Resistance

          



          		

            PTX3 and Coronary Abnormalities 

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2021.624802_cover.jpg
, frontiers
in Immunology

Increased Pentraxin 3 Levels
Correlate With IVIG Responsiveness
and Coronary Artery Aneurysm
Formation in Kawasaki Disease





OEBPS/Images/fimmu-12-624802-g003.jpg
PTX3 (ng/mL)

150.

100.

;&

<

PCAL() PCAL(+)

Senstvih

100% - Specificity%






OEBPS/Images/table2.jpg
CcAL() CAL() P value

=51 =20
Ago (m) 2005:20 103841 045
72 78]
Male sex (%)" 04 04 092
Day of ilness at the time of 54119 53:1.2 091
VIG adminstration 0
3-8 (3-12]
Sampling day of ilness (d) 45213 4.7:1.8 061
01-7) 212
VIG non-responder (%)* 12:0.24 1020.42 004
WBC count (103/mL) 1332924400 1322543716 092
3090:24900]  (6000-23900]
Sodium (mEQL) 136.5:2.89 135.8:2.93 023
(120144 [129-141)
AP (mg/ol) 513031 622:424 028
0361289 (0991580
D-Dimer (ug/mL) 207:2.26 2.20£1.00 085
0.9-9.08] (1.01-6.21)
AT 622:06 1358185 027
422) 17-807)
N8 382:033 376030 04z
29-45) 8.1-4.5)
NT-proBNP (pg/mL) 453241996 83124435 005
[7.4-1659) 6:2:3437)
Presepsin (pg/mL) 482712579 81B2sds56 004
[741943) [103-3437)
PTG g/l 1816:116  W21a149 001
(225083 (4101

Prosented as the mean =SD with the 5h and 96th percentes in squaro brackets. Mann-
Witney U test. 2-5ded 2 tst. Echo CAL, Hgh echo densty of the perkascularara o
i DO Ao it iviodks ey





OEBPS/Images/fimmu-12-624802-g001.jpg
ns

ns

ns

(w/Bu) ursdesaid
B
* 3
2 3
2 3

150

(uBu) exid





OEBPS/Images/table3.jpg
Age (m)

Male sex (%"

Day ofiness at the ime of MG
aomiistation (o)

Samping day o lness (4

Compicated with CAL (%)"
WBC count (103/mL)

Sodum (MEQ/L)
CRP (mg/dL)
0-Dimer ugimt)
AT

ALB

NT-pr08NP (pg/ml)
Presepsin pg/m)
PTX3 (ng/mL)

IVIG res(+)
(n=46)

2005:23.00
(3-108)
050
46:15

121
46215
212l
050
1379013674
5500-24900]
13635297
1130-144)
6712415
(126:2056)
2012085
11-4.39)
7582151
[7-422)
3812038
2945
5208:4173
7.4-3437)
892176
(103-2552)
182:125
822659

IVIG res(-)
=22

21.19:21.08
[2:96]
067
4810

187
40413
16
041
1340524623
6000-23900]
13532267
1129139
7.32:3.24

(082:5.13)
11622390
18807
380:030
[8.1-43]
785.6:360.1
(622010
943824633
131347)
97.29:313
(6:56-101.0]

P value

017

o8

033

009

049
070

029

o0ss

022

02¢

o087

019

004

0001

Presantod as the moan S0 with the 5 and 95 percentio i square brackets. Mann-
Whitney U tost "2-sided 22 test. CAL means echo CAL high echo densiy of the
iakaarcier irew of f Gasadan’ el OF Srtioans sl diain:





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/table1.jpg
Characteristic

Total
Age (months)
Median
Range.
Gender (maleffomale)
intravenous gamma globuin
Yes
one dose of MG
two doses of MG
three doses of MG
No
VIG troated
IVIG responder
VIG non-responder
acute coronary artery abnormaies
hvoric coronary artery abnomates
Aneuysms
Aneusysms & Diatations
Fotow up (months)
Median
Range.
Outcome
‘Complete recovery without sequelae
Persistent aneurysm

No. of patients (%)
75

27
3114
3036

68(007)
a5
19
4
709
68
4667.6)
22(36.4)
24(820)
340
340
2@7)

18
534

72(960)
340






OEBPS/Images/fimmu-12-624802-g002.jpg
PIX3 (ng/ml)

1501

g

s00-

400

300

200

100-

NT-proBNP(pmol)

ns

Prosopsin (pg/mi)

2500

2000

1500

1000:






