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Objectives: To study the impact of antibiotics used in Kawasaki disease (KD) with coronary artery lesions (CAL) and identify independent risk factors.

Methodology: This study reviewed the records of 287 KD patients between the years 2016 and 2020. Patients were grouped by their outcome, the CAL group, and a no-coronary artery lesions (NCAL) group, and stratified by the use of antibiotics. We collected clinical and laboratory data before the intravenous immunoglobulin (IVIG) treatment.

Results: The two groups of KD patients with and without CAL were compared. The results showed that there are significant differences between groups which were erythrocyte count (p = 0.045) and hemoglobin (p = 0.005), red blood cell-specific volume (p = 0.001), immature granular cells percentage (p = 0.006), total protein (p = 0.045), albumin (p = 0.041), alkaline phosphatase (p = 0.023), and chlorine (p = 0.006). After multivariate logistic regression, neutrophil granulocyte percentage (odds ratio [OR] = 1.200, 95% confidence interval [CI]: 1.008-1.428, p = 0.040), lymphocyte percentage (p = 0.028, OR = 1.243, 95% CI: 1.024-1.508, p = 0.028) and total protein (OR = 4.414, 95% CI: 1.092-17.846, p = 0.037) were found to be independent risk factors for CAL. After analyzing the cases with a history of antibiotic use, multivariate analysis showed no indicators were considered independent risk factors for CAL.

Conclusion: Neutrophil granulocyte percentage, Lymphocyte percentage and total protein were independent risks for CAL in KD without antibiotics use history. The use of antibiotics affected physiological indicators of KD patients.
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INTRODUCTION

Kawasaki disease (KD) is an afebrile systemic vasculitis disease, which was first termed mucocutaneous lymph node syndrome (MCLS) after it was first described in Japan in 1967 (1). It is a form of severe vasculitis of the arteries that leads to an increased risk of atherosclerosis and ischemic heart disease (2), especially inducing coronary artery lesions (CAL). In infants and young children, the data published by the Japanese KD National Survey reported that over time, the rate has risen from 218.6 per 100,000 in 2008 to 330.2/10 million in 2015. Approximately 4,000 to 5,500 new cases are added in the United States each year (3), making it the leading cause of acquired heart disease in children (4–6). Multiple studies have shown that CAL, or aneurysm formation, is the most common and most important clinical complication of KD. The 23rd National Survey of Japan in 2015–2016 reported that the cardiac lesion rate of KD was 11.9%, with most of them having acoronary complications (7). Between 2006 and 2012, the incidence of CAL in KD patients in Shanghai was 15.9% (8), and 9.1% between 2013 and 2017 (9). From 2011 to 2016, CAL was the most common finding (23%) in Spain (10). Coronary dilatation occurred in 10.8% of the patients in South Korea in 2012–2014 (11). Among Australian KD patients, 16.7% of them had coronary artery ectasia or dilation from 1979 to 2009 (12). Finally, 12.9% of the patients had CAL in the USA from 1994–2003 (13).

The standard treatment for KD is a combination of intravenous immunoglobulin (IVIG) and acetylsalicylic acid (ASA) (5, 14, 15). Early and timely administration of this regimen will help improve the treatment response and lower the risk of CAL (6, 16).

KD must be identified between 4 and 9 days after presenting with acute fever. But the early clinical symptoms of KD are not obvious, and it is often misdiagnosed as a simple fever disease in the clinic. A delayed diagnosis of KD will increase the cost of treatment, increase the risk of CAL, and result in inpatients receiving ineffective drugs such as antibiotics. Antibiotics are particularly ineffective for KD patients (5) but limited by the difficulty of clinical diagnosis.

In recent years, methods to identify patients who are more likely to have CAL have attracted significant research. Clarification of the risk factors of KD with CAL from biochemical indicators and establishing a scoring system is essential (1) and will allow active intervention and the development of follow-up strategies. Several scoring models for predicting CAL development have been proposed previously (1, 4, 6, 17–19), but the models differ by location and ethnicity, leading to different scoring systems.

None of the previous studies took into account the impact of antibiotics on the patient's biological indicators.However, in children, non-essential antibiotics may cause adverse effects such as rash, eosinophilia, fever, and pancytopenia (20), but also alter the gut microbial composition, affecting the patient's immunity, metabolism, and endocrine system (21). While the use of antibiotics can lead to health complications in KD patients, it can also change the patient's biochemical indicators.

This study compared the groups with or without antibiotic treatment for KD to explore the impact of antibiotics on the diagnosis of CAL in KD.



METHODS

We reviewed retrospective data of KD patients at the Baoan Women's and Children's Hospital in Shenzhen, China, between 2016 and 2020. All patients were younger than 12 years old when they were diagnosed with KD in the analyzed data. The studies have been approved by the Institutional Review Board of Baoan Women's and Children's Hospital, Shenzhen, China with IRB No. LLSCHY2021-1-07. This study was performed under the Declaration of Helsinki.


Definitions of Kawasaki Disease and Coronary Artery Lesion

The diagnosis of KD was made according to the American Heart Association criteria (5). To make a KD diagnosis, the patient must have a fever lasting more than 5 days and have at least four of the following five symptoms: bulbous conjunctival congestion, lips or oral cavity changes, hand and foot symptoms (peripheral edema, peripheral erythema, periungual desquamation), skin manifestations, and cervical lymph node enlargement (22).

The arteries were assessed with an echocardiogram. CAL or aneurysm formation was defined by age-specific internal lumen diameter: ≥2.5 mm in patients younger than 3 years, >3 mm in patients aged 3–9 years, and >3.5 mm in patients aged 9–14 years. Additionally, the internal diameter of a segment was measured ≥1.5 times that of an adjacent segment, or the lumen was clearly irregular (23).



Statistical Analysis

All analyses were performed using SPSS version 14.0 (IBM, Armonk, NY). After testing the normality of continuous variables or the number of cases and percentage for categorical variables, data were analyzed using the median (Q1–Q3). We used the Mann-Whitney U-test, or Fisher's exact test, to compare the laboratory test results between those with and without CAL. Univariate logistic regression was used to analyze the influence of variables on CAL. By multivariate logistic regression analysis, variables were used to determine the independent risk factors for CAL. The odds ratio (OR) and 95% confidence interval (CI) were calculated in the logistic regression analysis. The p-value < 0.05 was considered statistically significant.




RESULTS


Patients

We analyzed the data of a total of 287 KD patients, including 191 males and 96 females. Overall, there were 38 patients with CAL formation (13.2%). Compared to females (8.3%), a higher percentage of males (15.7%) had a CAL, but this finding was not significantly different (p = 0.097).



Risk Factors for CAL in All Patients

Univariate analysis showed that C reactive protein (CRP) (CAL: 20.60 vs. NCAL: 58.40 mg/L p = 0.005), duration of fever, (CAL: 4.00 vs. NCAL: 5.00 day p = 0.017), hemoglobin (CAL: 111.00 vs. NCAL: 108.00 × 109/L p = 0.043), erythrocyte count (CAL: 34.50 vs. NCAL: 32.45 × 109/L, p = 0.007), albumin (CAL: 38.40 g/L vs. NCAL:37.00 g/L, p = 0.040), alkaline phosphatase (CAL:190.00 U/L vs. NCAL: 220.00 U/L, p = 0.013), and chlorine (CAL:103.80 mmol/L vs. NCAL: 101.55 mmol/L, p = 0.002) showed significant differences between the two groups (Table 1).


Table 1. Comparison of groups with and without coronary artery lesions.
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Multivariate logistic regression, immature granular cell percentage (p = 0.018, OR = 1.310, 95% CI: 1.048–1.638), total protein (p = 0.016, OR = 2.573, 95%CI: 1.191–5.561) and chlorine (p = 0.024, OR = 1.325, 95%CI: 1.038–1.629) were considered as the independent risk factors for CAL formation in KD patients without antibiotic usage (Table 1).



Risk Factors for CAL in Patients Without Using Antibiotic

Two hundred and ten patients didn't receive antibiotic treatment before being diagnosed with KD, including 134 males (63.8%) and 76 females (36.2%). The CAL group contained 28 patients, and the non-CAL (NCAL) group consisted of 182 patients.Gender (P = 0.296), age (P = 0.688), and body weight (P = 0.103) were not significantly associated with CAL formation in this subgroup analysis.

Nine variables, including C reactive protein, the duration of fever, erythrocyte count, hemoglobin, red blood cell-specific volume, immature granular cell percentage, total protein, albumin, alkaline phosphatase, and chlorine, showed significant differences between the two groups (as shown in Table 2). After multivariate logistic regression, immature granular cell percentage (p = 0.006, OR = 1.417, 95% CI: 1.103–1.819), and total protein (p = 0.022, OR = 3.193, 95% CI: 1.182–8.624) were considered as the independent risk factors for CAL formation in KD patients without antibiotic usage (Table 2).


Table 2. Comparison of groups with and without coronary artery lesions before the use of antibiotics.

[image: Table 2]



Risk Factors for CAL in Patients With Antibiotic Use

Univariate analysis showed that there were no significant differences in the clinical indicators between these two groups. Variables with subjects N ≥ 10 were included for multivariate analysis and revealed that no independent indicator was considered for predicting CAL formation in KD patients (Table 3).


Table 3. Comparison of groups with coronary artery lesions and no-coronary artery lesions with using anibiotics.
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Antibiotic Treatment Compared to No Antibiotic Treatment

A total of 77 patients received antibiotic treatment, while 210 KD patients received no antibiotics during the study period. There were no significant differences between the two groups in gender (p = 0.121) or age distribution (p = 0.102). There were significant differences in albumin (p = 0.004) and globulin (p = 0.005) between the two groups (Table 4).


Table 4. Comparison of groups with antibiotic and No-antibiotic.
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After excluding the cases with CAL, total protein (p = 0.019), albumin (p = 0.015), and globulin (p = 0.001) were significant differences between the two groups. Among them, the antibiotic group showed higher total protein (68.50 vs. 65.00 g/L) and higher globulin (30.95 vs. 28.00 g/L), but lower albumin (35.00 vs. 37.70 g/L) (Table 4).




DISCUSSION

In our study, 38 patients were diagnosed with CAL or aneurysm formation (13.2%). Compared to females (8.3%), a higher percentage of males (15.7%) had a CAL. The percentage of males and females with CAL didn't show significant differences (p = 0.097). The data included in this study shows that the incidence of CAL is slightly lower than other reports (24). This is consistent with the difference in the incidence of KD and CAL in different regions. The prevalence of CAL in males is higher than that in females, indicating that gender may be one of the factors leading to the occurrence of CAL. Being a boy was considered an independent risk factor for KD combined with CAL in related studies (1).

The major targeted tissue in KD-related vasculitis tends to be the coronary artery, and this has attracted extensive attention from pediatricians. Early identification of risk factors for an accurate prediction of CAL or aneurysm formation continues to be the focus of the current studies, however, the reported scoring system has the problem of low predictive power in different samples (24). Because the diagnostic criteria of KD include clinical features common to other childhood febrile diseases. KD is sometimes confused with bacterial infections, leading to KD patients receiving antibiotic treatment. In actual clinical practice, due to empirical diagnosis and misdiagnosis, the proportion of KD patients receiving antibiotic treatment is relatively high. According to relevant reports, more than half of the patients (54.3%) received antibiotic treatment before receiving KD standard treatment (25). The benefits of receiving antibiotic treatment for KD patients are still unclear. The unnecessary use of antibiotics has an impact on children's physical status and indicators, and increases the risk of side effects (26).

The patients enrolled in this study received antibiotics, mainly penicillin sodium (50IU), azithromycin dry suspension (0.1 g), and amoxicillin and clavulanate potassium tablets (0.23 g), and subsequently received IVIVG (intravenous immunogloblin, 2.5 g). According to some recommendations, the dose of IVIVG was suitbale (27). This study compared the differences in risk factors associated with the usage of antibiotics. Immature granular cell percentage and total protein were independent risk factors for KD with CAL among those who used no antibiotics, which exhibited a different pattern compared with the data setignored antibiotic use (all cases: immature granular cell percentage, total protein, and chlorine).

Total protein changes are related to the intensity of inflammation. The greater the intensity of inflammation, the longer the duration of fever, which is associated with the unresponsiveness of IVIG treatment and, therefore, an increased incidence of CAL (28). Suzuki et al. found that water retention in the acute phase of Kawasaki disease may be a risk factor for CAL (29), and that water retention causes changes in the patient's ion concentration. The results of their analyses were consistent with our findings that total protein and chlorine were independent risk factors for KD with CAL.

These analysis results of independent risk factors, on the one hand, clarified new independent risk predictors for KD with CAL, and on the other hand, the differences in factors also suggest that the consideration of antibiotic use may affect the final clarity of independent risk factors.

When comparing KD patients with or without antibiotics usage, albumin and globulin have significant differences in all cases; Total protein, albumin and globulin have significant differences in cases without CAL, indicating antibiotics can affect a patient's clinical indicators. In addition, albumin and globulin had been reported to predict KD with CAL (1, 4). This result further suggests that the use of antibiotics in the early stage of KD may affect the prediction and diagnosis, which may potentially increase the risk of CAL in KD, and it is important to consider antibiotics when exploring independent risk factors.

This study does have several limitations, including a small number of KD patients with a limited case number of antibiotics usage in KD patients, and it was a retrospective study, increasing the possibility of bias in interpreting the results. There is no Z score available now for children in China. The echocardiogram diagnosis of CALs was made by measuring the age-specific internal lumen diameter.



CONCLUSION

This study has clarified that the independent risk factors for predicting CAL formation in KD patients without antibiotic usage include dimmature granular cell percentage and total protein. The most obvious finding to emerge from this study is that the use of antibiotics affected physiological indicators and the prediction and diagnosis of KD patients with CAL. However, this research has thrown up many questions in need of further investigation.
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Variables

n
Age (year) o7
CRP, mg/L 49
Duration of fever, day 66
Bodyweight (k) o7
White blood cell count, x 10°/L o7
Erythrocyte count, x 10°/L 67
Hemoglobin, g/L 67
Platelet count, x10°/L 67
Red blood cell specific volume, % 4
Neutrophil granulocyte percentage, % 67
Lymphocyte percentage, % o7
Monocyte percentage, % o7
Eosinophilc granulocyte percentage, % 67
Basophile percentage, % 4
Immature granular cells percentage, % 67
Total protein 42
Albumin 22
Globulin a2
Total birubin 42
Alanine aminotransferase 22
Aspartate transaminase a2
Alkaline phosphatase 42
Potassium 34
Sodium 43
Chiorine 43
Galcium 43
Magnesium 43

NCAL

Median (Q1-Q3)

2.75(1.75-4.92)
42.56(23.00-76.85)
4.00(3.00-6.00)
12.50(10.00-17.00)
10.30(7.00-14.50)
4.03(3.72-4.48)
105.00(100.00-114.00)
410,00(272.00-526.00)
32.30(80.80-34.50)
47.80(37.30-64.10)
37.20(24.00-61.60)
8.00(5.50-9.80)
1.70(0.40-.40)
0.30(0.20-0.40)
0.40(0.03-1.08)
68.50(63.18-73.80)
35.00(32.00-38.50)
30.95(26.00-41.25)
6.65(4.58-8.83)
19.00(12.93-45.25)
34.50(28.00-45.00)
156.74(123.75-198.75)
4.32(3.99-4.93)
136.00(133.00-137.19)
101.00(99.70-1-2.70)
2.27(2.20-2.40)
0.88(0.78-0.92)

10

10
10
10
10
10
10
10
10
10
10
10
10
10

RN B RSN

CAL

Median (Q1-Q3)

1.05(0.76-3.60)
26.42(20.60-92.56)
5.00(2.00-7.00)
10.25(9.07-15.83)
9,78(8,71-14.70)
3.93(3.83-4.46)
108.00(97.76-107.25)
465.00(300.25-722.75)
32.00(29.58-35.25)
46.35(33.05-55.18)
41.60(31.50-67.43)
6.30(5.58-8.43)
3.00(1.03-8.95)
0.30(0.20-0.55)
0.85(30.38-5.21)
63.30(63.15-70.98)
33.60(27.20-41.05)
22.75(21.00-41.16)
5.80(3.38-7.48)
18.00(13.10-119.20)
42.00(30.50-71.50)
179.50(135.25-265.00
4.37(4.01-4.87)
135.00(134.50-138.70)
103.80(101.40-104.00)
2.22(2.11-2.45)
0.85(0.82-1.06)

NCAL, non coronary artery lesions; CAL, coronary artery lesions; Py, P value of univariate; P,, P value of multivariable.

Univariate

Py

0.071
0.785
0.975
0.503
0.994
0.862
0.539
0.495
0.814
0.405
0.336
0347
0.268
0.450
0.125
0.226
0.953
0.118
0.520
0.861
0.369
0.559
0.893
0.564
0.100
0.761
0.457

P2

0.033
0.978
0.228
0.101
0.096
0633
0.942
0.247
0.499
0.085
0.098
0.159
0.833
0.653

Multivariable (all)

OR

0.258
1.000
0.819
1.392
0.809
1.610
1.003
1.002
1.081
0.809
0.820
0.795
1.010
2.550

95%Cl
Lower  Upper
0074 0.897
0.985 1.014
0567 1.183
0937 2,068
0631 1.038
0.228 11.365
0920 1.003
0999  1.005
0862 1.356
0.646 1.014
0649 1.037
0.577 1.094
0923 1.104
0.043 161.029
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All cases (n = 287)
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CAL, coronary artery lesions.
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Magnesium, mmolL 212

NCAL

Median (Q1-Q3)

64.7%
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431(4.01-4.77)
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CAL
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NCAL, non-coronary artery lesions; CAL, coronary artery lesions; Py, P of univariate; Pa, P of multivariable. *p < 0.05.
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OR
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NCAL, non-coronary artery lesions; CAL, coronary artery lesions; P4, P of univariate; Py, P of multivariable. *p < 0.05.
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