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Background

Kawasaki disease (KD) is a vascular inflammatory disease with unknown pathogenesis. There are few studies on KD combined with sepsis worldwide.





Purpose

To provide valuable data regarding clinical characteristics and outcomes related to pediatric patients with KD combined with sepsis in pediatric intensive care unit (PICU).





Methods

We retrospectively analyzed the clinical data of 44 pediatric patients admitted in PICU at Hunan Children’s Hospital with KD combined with sepsis between January 2018 and July 2021.





Results

Of the 44 pediatric patients (mean age, 28.18 ± 24.28 months), 29 were males and 15 were female. We further divided the 44 patients into two groups: KD combined with severe sepsis (n=19) and KD combined with non-severe sepsis (n=25). There were no significant between-group differences in leukocyte, C-reactive protein, and erythrocyte sedimentation rate. Interleukin-6, interleukin-2, interleukin-4 and procalcitonin in KD with severe sepsis group were significantly higher than those in KD with non-severe sepsis group. And the percentage of suppressor T lymphocyte and natural killer cell in severe sepsis group were significantly higher than those in non-severe group, while the CD4+/CD8+ T lymphocyte ratio was significantly lower in KD with severe sepsis group than in KD with non-severe sepsis group. All 44 children survived and were successfully treated after intravenous immune globulin (IVIG) combined with antibiotics.





Conclusion

Children who develop with KD combined with sepsis have different degrees of inflammatory response and cellular immunosuppression, and the degree of inflammatory response and cellular immunosuppression is significantly correlated with the severity of the disease.
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1 Introduction

Kawasaki disease (KD), also known as skin mucosal lymph node syndrome, is an acute, self-limiting systemic vascular inflammation in children. The clinical manifestations of KD are fever, conjunctivitis, oral mucous membrane changes, cervical lymphadenopathy, changes in the peripheral extremities, and polymorphous rash (Sundel, 2015; Agarwal and Agrawal, 2017; Rife and Gedalia, 2020). Systemic inflammatory response syndrome caused by the infection is defined as sepsis. Severe sepsis in critically ill children is associated with high mortality rates (Kaukonen et al., 2015). Recent reports have described KD cases that were complicated with encephalitis and shock (Li et al., 2019; Furui et al., 2020). However, there are indeed some cases that meet diagnostic criteria of both KD and sepsis, and there is few research on them. We analyzed the cases of 44 children with KD combined with sepsis, who were treated in pediatric intensive care unit (PICU) of Hunan Children’s Hospital between January 2018 and July 2021. This study aimed to analyze the clinical data of pediatric patients with KD combined with sepsis in the PICU in order to provide valuable data regarding clinical characteristics, laboratory findings, treatment options and outcomes related to these pediatric patients.




2 Patients and methods



2.1 Patients

This was a single-center, retrospective study of the children with KD combined with sepsis, who were treated at the PICU in our hospital (the Hunan Children’s Hospital, Changsha, China) between January 2018 and July 2021. Forty-four children were diagnosed with KD combined with sepsis at the hospital according to the standard diagnostic criteria (Singer et al., 2016; Kobayashi et al., 2020). The exclusion criteria were: patients with other cardiovascular, hypotension, or hypertension diseases, and primary disease associated with tumors, hematological diseases, congenital malformations, genetic metabolic diseases, primary myocarditis, primary diseases of major organs. We divided the 44 patients into the following two groups based on the severity of sepsis: KD combined with severe sepsis and KD combined with non-severe sepsis.




2.2 Definition of sepsis, severe sepsis, and diagnosis of KD

In 2005, definitions and criteria for sepsis and severe sepsis in children based on prevailing views of adult sepsis at the time with modifications for physiology based on age and maturational considerations was published by the International Pediatric Sepsis Consensus Conference (Goldstein et al., 2005). In 2016, new adult definitions and criteria for sepsis and severe sepsis were published (Sepsis-3) (Singer et al., 2016). The term “severe sepsis” was replaced by this new definition of sepsis in 2016. Although application of Sepsis-3 to children has been attempted (Matics and Sanchez-Pinto, 2017; Schlapbach et al., 2018), formal revisions to the 2005 pediatric sepsis definitions remain pending (Schlapbach and Kissoon, 2018). Therefore, the majority of studies used to establish evidence for these guidelines referred to the 2005 guideline. As a consequence, we defined the sepsis and severe sepsis based on the definitions and criteria published by International Pediatric Sepsis Consensus Conference in 2005 (Goldstein et al., 2005), Severe sepsis is defined as sepsis plus one of the following: cardiovascular organ dysfunction or acute respiratory distress syndrome or two or more other organ dysfunctions (Goldstein et al., 2005; Weiss et al., 2020). Also, we defined the diagnosis of KD based on the Revision of diagnostic guidelines for Kawasaki disease (6th revised edition) (Kobayashi et al., 2020), and both incomplete KD and complete KD were included in this study.




2.3 Clinical data, laboratory data, and echocardiography

Clinical data of gender, age, clinical features and outcomes were collected by us. Also, laboratory results prior to intravenous immunoglobulin (IVIG) administration were collected. Laboratory data included those related to white blood cell count (WBC), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), procalcitonin (PCT), liver function and kidney function.

Serum cytokine determination was performed in our hospital laboratory. All patients were tested for the following cytokines: interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-6 (IL-6), interleukin-10 (IL-10), tumor necrosis factor alpha (TNF-α), and interferon gamma (IFN-γ) at admission. Echocardiography was also performed for all patients. And the lymphocyte subgroup analysis was performed at the admission.




2.4 Statistical analyses

Two-sample t-test and the Mann-Whitney U test were used to assess between-group differences in the continuous variables. Proportions were compared using Fisher’s exact test and Pearson’s chi-square test. The measurement data are expressed as the mean ± standard deviation (x ± s). The statistical analyses were performed using SPSS version 20.0 (IBM, Armonk, NY, USA). Statistical significance was defined as two-sided P value < 0.05.





3 Results



3.1 Clinical features of patients with KD combined with sepsis

The patients (n=44) were divided into two groups: KD combined with severe sepsis and KD combined with non-severe sepsis. The patients with KD combined with severe sepsis were older (36.58 ± 27.51 vs 21.84 ± 19.75 months, P<0.05) than those with KD combined with non-severe sepsis. There were no significant differences in sex distribution, clinical KD findings such as conjunctivitis, oral mucous membrane changes, cervical lymphadenopathy, and polymorphous rash between two groups (all P> 0.05) (Table 1). Echocardiography showed that the diameter of left main coronary artery in KD combined with severe sepsis group was significantly larger than that in KD combined with non-severe sepsis group (2.87 ± 0.75 vs 2.33 ± 0.52 P<0.05) (Table 1). There is only one patient developing with myocardial injury in Kawasaki disease combined with non-severe sepsis, while there are four patients developing with myocardial injury in Kawasaki disease combined with severe sepsis.


Table 1 | Clinical features of patients.






3.2 Laboratory data

The creatinine (43.11 ± 27.46 vs 26.29 ± 6.73 μmol/L), and PCT (12.91 ± 22.94 vs 6.50 ± 10.59 mg/L) were significantly higher in the KD combined with severe sepsis group than in the KD combined with non-severe sepsis group (all P<0.05). And the platelet count (248.21 ± 138.39 vs 358.52 ± 183.21×109/L) were significantly lower in the KD combined with severe sepsis group than in the KD combined with non-severe sepsis group (P<0.05) (Table 2).


Table 2 | Laboratory data of patients.



Significantly higher levels of serum IL-6 (404.54 ± 543.38 vs 185.11 ± 242.73 pg/ml), IL-2 (5.30 ± 2.03 vs 4.11 ± 1.67 pg/ml), and IL-4 (4.76 ± 1.31 vs 3.34 ± 1.37 pg/ml) were found in patients with KD combined with severe sepsis (all P<0.05, respectively). There were no significant between-group differences in TNF-α and IFN-γ levels (all P>0.05) (Table 3). However, in this study, IL-2 and IL-4 levels were in normal range, so the increase in IL-6 may be a predictor of KD combined with severe sepsis.


Table 3 | Serum cytokine of patients.






3.3 Lymphocyte analysis

And during the lymphocyte subgroup type analysis, the percentage of suppressor T-lymphocyte (CD8+ T-lymphocyte) (22.47 ± 10.40 vs 16.69 ± 8.45) and natural killer (NK) cell (12.38 ± 6.74 vs 7.44 ± 4.28) in KD with severe sepsis group were significantly higher than those in KD with non-severe group, while the CD4+/CD8+ T-lymphocyte ratio (1.49 ± 0.77 vs 2.51 ± 1.78) were significantly lower in severe group than in non-severe group (all P< 0.05, respectively) (Table 4; Figure 1).


Table 4 | Lymphocyte subgroup type in patients.






Figure 1 | Percentage of lymphocyte subgroup type in each group. (A) Total T lymphocyte, (B) Total B lymphocyte, (C) Helper T lymphocyte, (D) Suppressor T lymphocyte, (E) CD4+/CD8+ ratio, (F) NK cell.






3.4 Information of the proven infection

Also, we found the information of proven infection in patients with KD combined with sepsis. In KD with severe sepsis group, 11 patients were diagnosed with mycoplasma pneumonia, 3 patients were found infected with group A streptococcal, 1 patient was found infected with Staphylococcus haemolyticus, 2 patients were found infected with adenovirus, 1 patient was found infected with influenza A virus and 1 patient was found infected with klebsiella pneumoniae. In KD with non-severe sepsis group, 21 patients were diagnosed with mycoplasma pneumonia, 1 patient was found infected with influenza B virus, 1 patient was found infected with cytomegalovirus, 1 patient was found infected with Haemophilus influenzae and 1 patient was found infected with Staphylococcus hominis.




3.5 Treatment and outcomes

In 44 patients, 10 patients were diagnosed with Kawasaki disease shock syndrome (KDSS), no patients were diagnosed with macrophage activation syndrome (MAS). All 44 patients received conventional therapy with aspirin and IVIG. Antibiotic treatment was also used according to bacterial culture or empirically if culture-negative. The length of stay at the PICU was significantly longer for patients with KD combined with severe sepsis than for patients with KD combined with non-severe sepsis (11 ± 3.42 vs 8.08 ± 3.01 days, P<0.05). There were no significant between-group differences in hospitalization duration and left ventricular ejection fraction (all P> 0.05) (Table 4). No fatalities were observed in our study (Table 5).


Table 5 | Treatment and outcome of patients.







4 Discussion

In previous studies, researchers mainly focused on distinguishing KD and sepsis (Liu et al., 2020; Niu et al., 2021), and the research conducted on KD combined with sepsis was rare. The incidence of KD is reported to be significantly higher in China than in Europe and America (Newburger et al., 2004; Uehara and Belay, 2012; Xie et al., 2020). Thus, a strength of this study is that we assessed a relatively large number of patients with KD combined with sepsis. And this study partially reveals the relationship between KD and sepsis. KD may be a cluster of phenotypes triggered by multiple infectious agents and influenced by various environmental, genetic, and immunologic responses (Leung and Schlievert, 2021). And the sepsis is definitely related to the infection. Consequently, there is relationship between sepsis and Kawasaki disease.

KD predominantly occurs in children below five years of age. Our results are similar to those of previous studies (Rife and Gedalia, 2020). But in our study, the patients with KD combined with severe sepsis were older (36.58 ± 27.51 vs 21.84 ± 19.75 months, P<0.05) than those with KD combined with non-severe sepsis. Studies show that the younger the children are, the stronger their innate immunity will be, especially in children below the age of 6 months (Beutler, 2004; Kaur and Secord, 2019). But this study only included a retrospective single-center data, prospective multi-center data needed to be conducted to probe the age of KD combined with sepsis.

In Table 1, the Echocardiography showed that the diameter of left main coronary artery in KD combined with severe sepsis group was significantly larger than that in KD combined with non-severe sepsis group (2.87 ± 0.75 vs 2.33 ± 0.52 P<0.05). It indicates that coronary artery dilatation is related to inflammatory indicators.

In our study, significantly lower platelet count (248.21 ± 138.39 vs 358.52 ± 183.21×109/L) and higher PCT levels (12.91 ± 22.94 vs 6.50 ± 10.59 mg/L) were observed in patients with KD combined with severe sepsis compared to patients with KD combined with non-severe sepsis (all P< 0.05). KD can significantly increase platelet count (Ae et al., 2020), while platelet count in patients with sepsis and animal models show a downward trend (Assinger et al., 2019). This can also explain why in our study, platelets in the patients with KD combined with severe sepsis were normal, but significantly lower than those in patients with KD complicated with non-severe sepsis. PCT is an important parameter for diagnosing and monitoring inflammatory diseases. High PCT concentrations are positively correlated with sepsis severity (Annane et al., 2013). In our study, the PCT were significantly higher in patients with KD combined with severe sepsis than in those with KD combined with non-severe sepsis; this indicates that PCT may be a predictor of KD combined with severe sepsis.

The immune system is activated both in KD and sepsis, resulting in an increase in pro-inflammatory cytokines in the circulation. Therefore, these inflammatory cytokines may cause systemic damage (Wang et al., 2013; Si et al., 2017; Song et al., 2019). IL-6 promotes inflammation, which can lead to multiple organ damage. With elevated IL-6 levels, patients develop hypoalbuminemia (Schmidt-Arras and Rose-John, 2016). Our study showed that the concentration of albumin in blood tended to be lower in patients with KD combined with severe sepsis than in patients with KD combined with non-severe sepsis (P=0.082) and may reflect the significantly elevated levels of cytokines, such as IL-6.

For lymphocyte subgroup type analysis, Pablo et al (De Pablo et al., 2012). found that patients with sepsis who died exhibited less NK cell depletion than survivors. This study indicates that NK cells are participants in septic shock because patients who survived have more depletion and expressed less early activation. And it explains the reason that NK cell in KD combined with severe sepsis group were significantly higher than those in KD with non-severe sepsis group. Also, the decrease of the CD4+/CD8+ T-lymphocyte ratio indicates that the cellular immune function is inhibited, indicating the severity of patients.

All 44 patients received conventional therapy with aspirin and IVIG. Antibiotic treatment was also used according to bacterial culture and experienced medication. Our findings indicate that KD combined with sepsis can be effectively treated with IVIG combined with antibiotics.




5 Study limitations

This is a single-center study with relatively small size. But our hospital is a designated hospital for sepsis and Kawasaki disease, and the patients are well representative. So, we think this study is clinically significant. And further multicenter studies are needed to elucidate the relationship between sepsis and KD development.




6 Conclusion

Children who develop with KD combined with sepsis have different degrees of inflammatory response and cellular immunosuppression, and the degree of inflammatory response and cellular immunosuppression is significantly correlated with the severity of the disease.
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(n=19) sepsis (n=25)
Age (months) Mean + SD 36.58 + 27.51 21.84 + 19.75 0.044"
Female gender No. (%) 9 (47) 6(25) 0.105"
Conjunctivitis, No. (%) 12(63) 16(64) 0.95
Oral mucous membrane changes, No.(%) 18(95) 23(92) 0.721°
[ Cervical lymphadenopathy, No.(%) 15(79) 21(84) 0.667"
Changes in the peripheral extremity, No.(%) 13(68) 16(64) 0.759"
Polymorphous rash, No.(%) 12(63) 18(72) 0.533"
Diameter of left main coronary artery (mm) 2.87 £ 0.75 2.33 £0.52 0.002°
Diameter of right coronary artery (mm) 238 +0.81 2.04 +0.69 0.087°

*Two-sample t test.
®Pearson chi square test.
“Manne-Whitney U test.
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Outcome KD with severe sepsis KD with non-severe P value

(n=19) sepsis (n=25)
Hospitalized duration (days) mean + SD 14.95 + 472 1348 +4.37 0.171¢
PICU duration (days) mean + SD 11 +342 8.08 +3.01 0.004°
Ejection fraction, %,(mean+ SD) 0.65 + 0.1 0.7 £ 0.05 0.056°
Death No. (%) 0(0.00) 0(0.00) 1.000°

“Manne-Whitney U test.
IFisher’s exact test.





