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Abstract
Purpose: Multisystem in�ammatory syndrome in children, which has overlapping clinical features with Kawasaki disease (KD), has generated considerable
interest in the relationship between KD and infectious diseases during the ongoing global outbreak of coronavirus disease 2019. However, few studies have
focused on the relationship between KD and concomitant infection, and reports on the relationship between infections and recovery from coronary artery
aneurysms (CAA) are even rarer.

Methods: Patients were classi�ed into case and control groups according to the results of their pathogen examinations, and the baseline characteristics of the
two groups were compared. The Kaplan–Meier survival analysis was used to compare the medium-term recovery time of CAA between patients with and
without infections, and multivariable analyses were performed to evaluate potential risk factors associated with CAA without recovery between 1 and 2 years
of follow-up.

Results: A total of 353 pediatric patients with KD were included, of whom 83 (23.5%) had con�rmed co-infection. There were no signi�cant differences in
patients’ response to treatment and coronary artery outcome when compared between patients with and without infections. Among the 90 patients diagnosed
with CAA, 20 (22.2%) had con�rmed co-infection, and no signi�cant differences were observed in coronary artery changes from baseline at 2 weeks, 4 weeks,
and 3 months in patients with CAA with and without infections. The estimated median time (6 months, 95%CI:1.920–10.080) was higher in the CAA co-
infected group than in the CAA non-infected group (3 months, 95%CI:2.366–3.634), with no signi�cant difference. Multivariate analysis revealed that a high Z-
score of the coronary artery internal diameter at 1 month after onset was signi�cantly associated with CAA without recovery. The Z score of the left main
coronary artery was ≥3.215 with an 89% sensitivity and 77% speci�city in predicting CAA without recovery within 1 year of onset. The Z score of the right
coronary artery was ≥3.845 with a 64% sensitivity and 98% speci�city in predicting CAA without recovery within 1 year of onset and with an 83% sensitivity
and 88% speci�city within 2 years of onset.

Conclusions: Concomitant infection with KD diagnosis did not affect the patients’ response to IVIG treatment and coronary artery outcome when compared
with patients without infections; however, the time to coronary artery normalization was not notably prolonged in CAA patients with infections, but a larger
maximum Z score at 1 month after onset was a risk factor signi�cantly associated with coronary artery dilatation without recovery within 2 years of onset.

What Is Known
The etiology of Kawasaki disease (KD) may be infectious causes and is treated by intravenous immunoglobulin (IVIG).

The coexistence of KD and infection can delay the early diagnosis and timely treatment of KD and coronary artery aneurysms (CAA).

What Is New
Concomitant infection with KD diagnosis did not affect the patients’ response to IVIG treatment and coronary artery outcome, and the time to coronary
artery normalization was not notably prolonged in CAA patients with infections. 

A high Z-score of the coronary artery internal diameter at 1 month after onset was an independent predictor of CAA without recovery in patients with KD
within 2 years of onset. Patients with a high Z-score of the coronary artery internal diameter may be candidates for future clinical trials of early
intensi�cation therapy with low-molecular-weight heparin or warfarin. 

1 Introduction
During the COVID-19 pandemic, Multisystem in�ammatory syndrome in children (MIS-C), which was �rst reported in Europe and the United States, has been
considered to have a similar etiopathogenesis as Kawasaki disease (KD). MIS-C presents with overlapping clinical features with KD; further, there is a noted
decrease in the incidence of KD during outbreaks due to children engaging in fewer outdoor and socializing activities [1; 2]. Therefore, the relationship between
infections and KD has attracted renewed attention. Five decades of clues have not elucidated the etiology of KD, but may be related to the combined effects of
infection, immune response, and genetic susceptibility. Most experts consider it to be the consequence of an abnormal immunological response evoked by
one or more widely distributed infectious agents in genetically susceptible individuals, but con�icting studies have been published for almost all of these
associations, and none have been shown to have a direct causal relationship with KD [3]. Of these, infection has long been postulated to be an important
predisposing factor for KD because of its similar symptoms, marked seasonality, epidemic occurrence, and peak incidence among children aged 6 months to
2 years with relative immunode�ciency [4; 5]. Kim et al. suggested the etiological importance of antecedent infection in the development of KD [6]. To date,
speci�c infections have been reported in patients with KD, such as Streptococcus [7], Staphylococcus aureus [8], Yersinia pseudotuberculosis [9], mycoplasma
[10], Chlamydia pneumoniae [11], and measles virus [12]. Chang et al. speculated that heterogeneous infectious etiologies may be responsible for KD in
different countries and during different seasons [13]. Benseler et al. [14] found that 64% of patients with KD were diagnosed with a presumptive infection
before KD, most commonly tonsillitis, viral illness, pneumonia, urinary tract infection, gastroenteritis, and/or sepsis. Baker et al. [15] reported that nonspeci�c
symptoms such as vomiting, diarrhea, abdominal pain, and cough commonly occur 10 days before the diagnosis of KD, suggesting that KD patients can have
concurrent infections, and the possibility that these nonspeci�c symptoms result from concurrent infections unrelated to KD cannot be excluded.

As KD is quite similar to other infectious diseases and no speci�c diagnostic test is available, KD is identi�ed on the basis of a constellation of non-speci�c
clinical signs. The coexistence of KD and infection can delay the early diagnosis and timely treatment of KD, as well as its dreaded complication of coronary
artery aneurysms (CAA) [16]. Therefore, it is crucial to closely observe nonspeci�c symptoms of KD and identify concurrent infections. Many studies have
been conducted to accurately differentiate KD from other infectious diseases during the early phases, but few studies have examined the effect of concurrent
infections on outcomes of patients with KD. The limited etiological importance of the pathogens identi�ed so far seems to be supported by the studies of
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Benseler et al.[14] Dionne et al.[17] and Jordan-Villegas et al.[18]; however, the sample size of previous studies is small and the associations have been
inconsistent or not replicated, with no follow-up of the effect on infections and the recovery from CAA. This study aimed to analyze the relationship between
KD and CAA and infections and further evaluate the potential risk factors associated with CAA without recovery with 2 years of follow-up.

2 Materials And Methods
Study design and population

This single-center retrospective study included children diagnosed with KD between 2012 and 2020 at the Pediatrics Department of First A�liated Hospital of
Guangxi Medical University (Nanning, China). Eligible patients were diagnosed with KD using the Diagnostic Guidelines for Kawasaki Disease (6th revision,
issued by the Japan Kawasaki Disease Research Committee in 2020) [19]. CAA was de�ned as a coronary artery internal diameter with a Z score of ≥ 2.5 after
1 month of the disease course according to the guidelines on the diagnosis and management of cardiovascular sequelae in Kawasaki disease (JCS/JSCS
2020) [20].

All patients were treated according to the American Heart Association guidelines [21] standard treatment protocols. Patients with IVIG resistance, de�ned as
persistent or recrudescent fever (temperature > 38.0°C) for at least 36 hours but not longer than 7 days after completion of the initial intravenous
immunoglobulin (IVIG) infusion (2 g/kg), received additional rescue treatment, such as a second dose of IVIG and steroid (e.g. prednisone or
methylprednisolone) therapy. All patients underwent pathogen examinations after admission, including Epstein-Barr virus (EBV), cytomegalovirus (CMV),
adenovirus, rubella virus, herpes simplex virus type 2 (HSV-2), respiratory syncytial virus (RSV), parain�uenza virus [PIV] types 1, 2, and 3; in�uenza A and B
virus nucleic acid detection; Mycoplasma pneumoniae-speci�c IgM (MP-IgM) antibodies, and ASO detection; and sputum and blood bacterial culture analysis.
Patients with KD and CAA were classi�ed as cases and controls, respectively, according to the results of their pathogen examinations. Cases were de�ned as
patients with KD in whom at least one pathogen was identi�ed, and controls were patients with KD who tested negative for those pathogens. Patient
demographic characteristics, clinical presentation, laboratory results, clinical outcomes, and echocardiographic �ndings were compared between the groups.

The exclusion criteria included patients diagnosed with KD without IVIG treatment and diagnosed with the presence of another disease known to mimic KD,
children who did not undergo pathogen examinations after admission, or those with incomplete data required for statistical analyses.

Data collection

The following clinical and laboratory data collected from the medical charts of the patients enrolled in this study were reviewed using a standardized form: (1)
demographic characteristics: age, sex, height, weight, and body mass index (BMI); (2) clinical characteristics: the prevalence of incomplete KD and �ve
principal symptoms, duration of fever before admission, illness day at treatment (illness day 1 = �rst day of fever); (3) laboratory results: the highest value was
selected for analysis in the case of white blood cell count (WBC), neutrophil count, aspartate aminotransferase (AST) level, alanine aminotransferase (ALT)
level, total bilirubin (TSB) level, and C-reactive protein (CRP) level, whereas the lowest value was selected for hematocrit, platelet (PLT) count, serum albumin
(ALB) concentration, and serum sodium concentration. All laboratory indicators were collected for assessment during the acute febrile period and prior to
initial IVIG treatment. We calculated the neutrophil-to-lymphocyte count ratio, platelet-to-lymphocyte count ratio, and CRP-to-ALB ratio based on the
aforementioned indicators; (4) clinical outcomes: response to IVIG treatment, incidence of pediatric intensive care unit (PICU) admission, and thrombosis; (5)
we also collected data on the coronary arterial internal diameters of the right coronary artery, left main coronary artery, left anterior descending artery, and left
circum�ex coronary artery from echocardiography that was performed at diagnosis (before IVIG treatment), at 1 month ± 7days after disease onset, 3 months 
± 7 days, 6 months ± 7 days, 1 year ± 1 month, and 2 years ± 1 month after disease onset. The Z score of the coronary artery corrected for the body surface
area was determined and recorded.

Statistical analysis

All continuous data are presented as mean ± standard deviation or median (four-digit interval) [P50 (P25, P75)]. The two-independent sample t-test, Mann–
Whitney U test, Fisher’s chi-square test, Pearson’s chi-square test, and logistic regression analysis were applied to evaluate the differences between the inter-
groups and to determine risk factors, and the best threshold for the signi�cant parameter was constructed using receiver operating characteristic (ROC)
curves. The Kaplan–Meier survival analysis with the log-rank test was used to compare survival distributions between cohorts. The P-values were two-tailed
with a P < 0.05 considered statistically signi�cant. All statistical analyses were performed using SPSS, version 26.0 (IBM Corp., Armonk, NY, USA).

3 Results
Comparisons between KD with and without infections

During the study period, 464 children with a diagnosis of KD were admitted to the pediatrics department of the First A�liated Hospital of Guangxi Medical
University. In total, 111 children were excluded from this study, including 35 who were treated without IVIG, 47 who did not undergo pathogen examinations
after admission, and 29 with incomplete clinical or laboratory data. Ultimately, 353 (76.1%) children were included in the study. Of these, 83 (23.5%) children
had con�rmed co-infections with 71 (20.1%) single and 12 (3.4%) mixed infections. The results of the analysis of KD patients co-infected by the study group
are shown in the Supplementary File. There were no signi�cant differences in patients’ response to IVIG treatment and coronary artery outcomes between
patients with and without infections.

Comparisons between CAA with and without infections
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Ninety hospitalized patients with KD were diagnosed with CAA. Among them, 20 (22.2%) children had con�rmed co-infections with 18 (20.0%) single and 2
(2.2%) mixed infections. Among the single infections, Mycoplasma hyopneumoniae (n = 10), adenovirus (n = 1), EBV (n = 1), RSV (n = 1), PIV (n = 2),
Staphylococcus epidermidis (n = 1), Stenotrophomonas maltophilia (n = 1), Pseudomonas aeruginosa (n = 1), and mixed infections included 1 mixed infection
with Mycoplasma hyopneumoniae and EBV, and 1 with parain�uenza and Staphylococcus haemolyticus (Fig. 1). There were no statistically signi�cant
differences between the CAAs with and without infections with respect to demographic, clinical characteristics, laboratory values, and clinical outcomes (all, P 
> 0.05) (Table 1). There were also no signi�cant differences in coronary artery changes from baseline at 2 weeks, 4 weeks, and 3 months in CAA patients with
and without infections (Fig. 2). The Kaplan–Meier survival analysis showed that in the co-infected group, the estimated median time (6 months, 95% CI:
0.000–19.339) was higher than that in the non-infected group (3 months, 95%CI: 1.948–4.052), however, the difference did not reach statistical signi�cance
(Fig. 3).
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Table 1
Comparison of baseline characteristics between coronary artery aneurysm with and without infections

  Total

(n = 90)

co-infected

(n = 20)

non-infected

(n = 70)

P value

Demographic characteristics

Age [month, mean ± SD] 25.73 ± 27.69 26.10 ± 23.64 25.63 ± 28.90 0.947

< 1 year [n(%)] 12 (13.3) 2 (10.0) 10 (14.3) 0.901

Male [n(%)] 67 (74.4) 13 (65.0) 54 (77.1) 0.272

Height [m, mean ± SD] 0.84 ± 0.19 0.86 ± 0.17 0.84 ± 0.20 0.564

Weight [kg, mean ± SD] 11.72 ± 6.11 12.15 ± 4.53 11.59 ± 6.51 0.724

BMI [kg/m2, mean ± SD] 15.89 ± 1.73 16.01 ± 1.95 15.86 ± 1.68 0.732

Clinical characteristics

Conjunctival injection [n(%)] 50 (55.6) 10 (50.0) 40 (57.1) 0.571

Changes in lips and oral cavity [n(%)] 46 (51.1) 9 (45.0) 37 (52.9) 0.535

Polymorphous exanthem [n(%)] 52 (57.8) 11 (55.0) 41 (58.6) 0.775

Cervical lymphadenopathy [n(%)] 33 (36.7) 6 (30.0) 27 (38.6) 0.483

Changes in extremities [n(%)] 28 (31.1) 4 (20.0) 24 (34.3) 0.224

Incomplete KD [n(%)] 30 (33.3) 5 (25.0) 25 (35.7) 0.370

Fever duration before admission

[day, mean ± SD]

8.83 ± 5.22 9.85 ± 5.43 8.54 ± 5.16 0.326

Days of illness at primary treatment

[day, mean ± SD]

10.28 ± 5.44 10.30 ± 3.91 10.28 ± 5.82 0.986

≤ 4 days [n(%)] 10 (11.1) 2 (10.0) 8 (11.4) 1.000

Laboratory values

White blood cell count

[×109/L, ref. 5–12×109/L],

mean ± SD

15.59 ± 7.76 14.06 ± 9.31 16.03 ± 7.28 0.320

Neutrophils count

[×109/L, ref.1.8–6.3×109/L], mean ± SD

9.62 ± 6.95 8.03 ± 7.57 10.08 ± 6.75 0.248

≥ 80% [n(%)] 12 (13.3) 3 (15.0) 9 (12.9) 1.000

NLR [mean ± SD] 3.45 ± 3.72 2.74 ± 3.16 3.66 ± 3.87 0.335

Hematocrit [mean ± SD] 0.31 ± 0.05 0.32 ± 0.04 0.31 ± 0.05 0.457

Platelet count

[×1012/L, ref. 125–350×109/L], mean ± SD

396.41 ± 211.03 436.29 ± 307.22 385.02 ± 175.68 0.341

PLR [mean ± SD] 119.73 ± 83.13 110.63 ± 59.10 122.33 ± 89.00 0.582

CRP [mg/L, ref. 0–10 mg/L],

P50 (P25, P75)

64.90 (24.73, 108.97) 64.90 (15.22, 94.64) 64.93 (27.06, 118.76) 0.365

Sodium

[mmol/L, ref. 137–147 mmol/L], mean ± SD

136.29 ± 3.12 135.65 ± 3.36 136.47 ± 3.05 0.304

ALT [U/L, ref. 7–45 U/L],

mean ± SD

55.58 ± 54.99 51.50 ± 60.24 56.75 ± 53.80 0.709

AST [U/L, ref. 13–40 U/L], mean ± SD 56.64 ± 74.76 61.25 ± 67.62 55.33 ± 77.08 0.757

BMI body mass index, KD Kawasaki disease, NLR neutrophil-to-lymphocyte count ratio, PLR platelet-to-lymphocyte count ratio, CRP C-reactive protein, ALT
alanine aminotransferase, AST aspartate aminotransferase, CRP/ALB C-reactive protein-to-albumin, PICU pediatric intensive care unit, IVIG intravenous
immunoglobulin, CAA coronary artery aneurysm.
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  Total

(n = 90)

co-infected

(n = 20)

non-infected

(n = 70)

P value

Total bilirubin

[umol/L, ref. 3.4–20.5 umol/L],

mean ± SD

8.90 ± 14.43 8.68 ± 15.83 8.96 ± 14.12 0.940

Albumin [g/L, ref. 40–55 g/L], mean ± SD 35.53 ± 5.71 34.51 ± 5.13 35.82 ± 5.87 0.367

CRP/ALB ratio [P50 (P25, P75)] 1.86 (0.72, 3.32) 2.16 (0.42, 2.86) 1.75 (0.79, 4.18) 0.547

Clinical outcomes

PICU admission [n(%)] 6 (6.7) 1 (5.0) 5 (7.1) 1.000

IVIG resistance [n(%)] 20 (22.2) 8 (40.0) 12 (17.1) 0.062

Corticosteroid therapy [n(%)] 9 (10.0) 4 (20.0) 5 (7.1) 0.205

Thrombosis [n(%)] 11 (12.2) 4 (20.0) 7 (10.0) 0.414

Baseline Z score of coronary artery internal diameter

Left main coronary artery [mean ± SD] 3.79 ± 1.22 3.97 ± 1.37 3.74 ± 1.18 0.456

Right coronary artery [mean ± SD] 3.39 ± 1.39 3.78 ± 1.56 3.28 ± 1.33 0.155

Baseline maximum Z score 4.09 ± 1.10 4.32 ± 1.17 4.02 ± 1.08 0.285

BMI body mass index, KD Kawasaki disease, NLR neutrophil-to-lymphocyte count ratio, PLR platelet-to-lymphocyte count ratio, CRP C-reactive protein, ALT
alanine aminotransferase, AST aspartate aminotransferase, CRP/ALB C-reactive protein-to-albumin, PICU pediatric intensive care unit, IVIG intravenous
immunoglobulin, CAA coronary artery aneurysm.

Comparison between CAA with and without recovery

Among the 90 patients with CAA, follow-up data were complete for 85 patients, with 5 lost to follow-up, 57 with recovery within 1 year, and 73 within 2 years.
Thrombosis developed in 12.2% (11/90) of patients, of which 10/28 (35.7%) and 7/12 (58.3%) had CAA without recovery after 1 year and 2 years, respectively.
In both groups, the incidence of thrombosis was signi�cantly higher than that in patients who had CAA with recovery (P < 0.001). The CAA without recovery
group showed higher values in the platelet count, proportions of HGB < 110 g/L, serum albumin level < 34 g/L, and Z score of coronary artery internal diameter
at 1 month after onset than those of the CAA with recovery group within 1 year, and longer fever duration before admission and higher Z score of coronary
artery internal diameter than those of the CAA with recovery group within 2 years. No statistically signi�cant differences were observerd between the
subgroups with respect to demographic characteristics (P > 0.05) (Table 2). Furthermore, multivariate analysis revealed that the Z score of the left main
coronary artery (odds ratio, 2.054; 95% CI: 1.176–3.590) and the Z score of the right coronary artery (odds ratio, 2.076; 95% CI: 1.180–3.650) were signi�cant
independent predictors of CAA without recovery within 1 year (Table 3), but only the Z score of the right coronary artery (odds ratio, 3.072; 95% CI, 1.133–
8.330) was a signi�cant independent predictor of CAA without recovery within 2 years (Table 4), and this difference remained signi�cant when corrected for
age and sex.
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Table 2
Comparison of baseline characteristics between coronary artery aneurysm with and without recovery

  Within 1 year P Within 2 years P

  with recovery (n = 
57)

without recovery (n = 
28)

with recovery (n = 
73)

without recovery (n = 
12)

Demographic characteristics

Age [month] 20.00 (10.50,
32.50)

14.50 (8.00, 34.25) 0.531 16.00(9.50, 29.50) 28.50 (8.75, 82.50) 0.167

< 1 year [n(%)] 5 (8.8) 6 (21.4) 0.197 10 (13.7) 1 (8.3) 0.961

Male [n(%)] 42 (73.7) 21 (75.0) 0.896 56 (76.7) 7 (58.3) 0.321

Height [m] 0.83 (0.73, 0.92) 0.79 (0.70, 0.97) 0.819 0.79 (0.71, 0.92) 0.91 (0.73, 1.24) 0.110

Weight [kg] 11.34 ± 5.28 12.80 ± 7.89 0.314 10.00
(8.25, 13.00)

12.55 (8.78, 19.75) 0.084

BMI [kg/m2] 15.69 ± 1.74 16.04 ± 1.62 0.382 15.82 ± 1.67 15.72 ± 1.96 0.848

Clinical characteristics

Conjunctival injection [n(%)] 34 (59.6) 15 (53.6) 0.594 43 (58.9) 6 (50.0) 0.563

Changes in lips and oral cavity [n(%)] 29 (50.9) 14 (50.0) 0.939 38 (52.1) 5 (41.7) 0.505

Polymorphous exanthem [n(%)] 34 (59.6) 15 (53.6) 0.594 44 (60.3) 5 (41.7) 0.227

Cervical lymphadenopathy [n(%)] 20 (35.1) 11 (39.3) 0.705 25 (34.2) 6 (50.0) 0.467

Changes in extremities [n(%)] 19 (33.3) 6 (21.4) 0.258 22 (30.1) 3 (25.0) 0.984

Incomplete KD [n(%)] 19 (33.3) 9 (32.1) 0.913 25 (34.2) 3 (25.0) 0.764

Fever duration before admission [day] 7.00 (5.00, 10.00) 8.50 (6.00, 14.00) 0.107 7.00 (5.00, 10.50) 9.50 (7.25, 17.75) 0.032

Days of illness at primary treatment [day] 9.51 ± 4.98 11.46 ± 6.39 0.126 9.78 ± 5.30 12.42 ± 6.54 0.126

≤ 4 days [n(%)] 7 (12.3) 3 (10.7) 1.000 9 (12.3) 1 (8.3) 1.000

Co-infected [n(%)] 9 (15.8) 8 (28.6) 0.166 14 (19.2) 3 (25.0) 0.938

Laboratory values

White blood cell count [×109/L, ref. 5–
12×109/L]

14.71 (9.60,
19.99)

13.29 (9.31, 19.94) 0.970 14.28 (8.79,
19.86)

15.65 (11.92, 29.46) 0.970

Neutrophilscount [×109/L, ref.1.8–
6.3×109/L]

9.10 ± 5.94 9.98 ± 7.97 0.570 8.00 (4.08, 12.88) 8.91 (5.20, 23.46) 0.207

≥ 80% [n(%)] 7 (12.3) 4 (14.3) 1.000 9 (12.3) 2 (16.7) 1.000

NLR 3.30 ± 3.45 3.90 ± 4.42 0.496 3.37 ± 3.52 4.29 ± 5.22 0.437

Hemoglobin [g/L, ref. 120–160g/L] 106.57 ± 16.13 100.74 ± 14.06 0.107 104.68 ± 15.84 104.46 ± 15.03 0.964

≤ 110 g/L [n(%)] 30 (52.6) 21 (75.0) 0.048 43 (58.9) 8 (66.7) 0.849

Platelet count [×1012/L, ref. 125–
350×109/L]

322.50

(237.40, 435.15)

421.25

(300.30, 613.28)

0.007 347.00

(243.00, 451.25)

406.00

(288.35, 647.85)

0.113

PLR 110.15 ± 86.13 141.18 ± 81.24 0.116 120.73 ± 89.30 118.18 ± 58.32 0.924

CRP [mg/L, ref. 0–10 mg/L] 58.75 (10.45,
114.91)

70.57 (42.31,
105.83)

0.467 75.86 ± 60.47 79.51 ± 55.66 0.845

Sodium [mmol/L, ref. 137–147 mmol/L] 136.14 ± 3.03 136.14 ± 3.18 0.996 136.09 ± 3.21 136.50 ± 1.99 0.670

ALT [U/L, ref. 7–45U/L] 50.90 ± 53.14 62.94 ± 61.09 0.353 54.06 ± 55.55 59.77 ± 59.61 0.745

AST [U/L, ref. 13–40U/L] 53.85 ± 70.78 66.38 ± 88.20 0.482 59.51 ± 81.31 48.63 ± 38.48 0.651

Total bilirubin [umol/L, ref. 3.4–
20.5umol/L]

8.96 ± 15.25 9.38 ± 14.12 0.903 9.48 ± 15.89 6.80 ± 3.74 0.564

Albumin [g/L, ref. 40–55 g/L] 36.04 ± 5.76 34.75 ± 5.82 0.336 35.74 ± 5.72 34.85 ± 6.33 0.623

BMI body mass index, KD Kawasaki disease, NLR neutrophil-to-lymphocyte count ratio, PLR platelet-to-lymphocyte count ratio, CRP C-reactive protein, ALT
alanine aminotransferase, AST aspartate aminotransferase, CRP/ALB C-reactive protein-to-albumin, PICU pediatric intensive care unit, IVIG intravenous
immunoglobulin, CAA coronary artery aneurysm.
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  Within 1 year P Within 2 years P

  with recovery (n = 
57)

without recovery (n = 
28)

with recovery (n = 
73)

without recovery (n = 
12)

≤ 34 g/L [n(%)] 16 (28.1) 15 (53.6) 0.022 24 (32.9) 7 (58.3) 0.169

CRP/ALB ratio 2.27 ± 2.03 2.38 ± 1.74 0.795 2.28 ± 1.91 2.48 ± 2.10 0.734

Clinical outcomes

PICU admission [n(%)] 3 (5.3) 3 (10.7) 0.637 6 (8.2) 0 (0.0) 0.588

IVIG resistance [n(%)] 8 (14.0) 10 (35.7) 0.021 16 (21.9) 2 (16.7) 0.975

Corticosteroid therapy [n(%)] 2 (3.5) 5 (17.9) 0.065 6 (8.2) 1 (8.3) 1.000

Thrombosis [n(%)] 1 (1.8) 10 (35.7) < 
0.001

4 (5.5) 7 (58.3) < 
0.001

Z score of coronary artery internal diameter at 1 month after onset

Left main coronary artery 2.60 (2.29, 3.13) 4.66 (3.39, 5.82) < 
0.001

3.05 ± 1.12 5.58 ± 2.06 < 
0.001

Right coronary artery 2.13 (1.48, 2.83) 4.68 (2.79, 5.65) < 
0.001

2.60 (1.67, 3.22) 5.72 (4.12, 6.80) < 
0.001

BMI body mass index, KD Kawasaki disease, NLR neutrophil-to-lymphocyte count ratio, PLR platelet-to-lymphocyte count ratio, CRP C-reactive protein, ALT
alanine aminotransferase, AST aspartate aminotransferase, CRP/ALB C-reactive protein-to-albumin, PICU pediatric intensive care unit, IVIG intravenous
immunoglobulin, CAA coronary artery aneurysm.

Table 3
Results of logistic regression analyses of coronary artery aneurysm without recovery within 1 year

characteristic Univariable Multivariable Adjust#

odds ratio (95%CI) P value odds ratio (95%CI) P value odds ratio (95%CI) P value

Hemoglobin ≤ 110 g/L 0.370 (0.136–1.008) 0.052 0.542 (0.132–2.220) 0.394 0.539 (0.105–2.537) 0.435

Platelet count 1.004 (1.001–1.006) 0.010 1.002 (0.998–1.005) 0.260 1.002 (0.998–1.006) 0.283

Albumin ≤ 34 g/L 0.338 (0.132–0.867) 0.024 0.871 (0.202–3.750) 0.853 0.863 (0.171–4.357) 0.858

IVIG resistance 3.403 (1.161–9.973) 0.026 2.688 (0.584–12.373) 0.204 2.637 (0.579–12.337) 0.208

Z socre of left main  coronary artery 2.999 (1.836–4.899) < 0.001 2.045 (1.188–3.519) 0.010 2.054 (1.176–3.590) 0.011

Z socre of right coronary artery 2.760 (1.739–4.379) < 0.001 2.091 (1.211–3.610) 0.008 2.076 (1.180–3.650) 0.011

#indicates a signi�cant relationship after correction for age and sex, IVIG intravenous immunoglobulin.

Table 4
Results of logistic regression analyses of coronary artery aneurysm without recovery within 2 years

characteristic Univariable Multivariable Adjust#

odds ratio (95%CI) P value odds ratio (95%CI) P value odds ratio (95%CI) P value

Fever duration before admission 1.154(1.030–1.293) 0.014 1.136 (0.962–1.343) 0.133 1.180 (0.963–1.447) 0.110

Z socre of left main  coronary artery 3.145 (1.766–5.600) < 0.001 2.058 (0.961–4.407) 0.063 2.212 (0.962–5.086) 0.062

Z socre of right coronary artery 3.191 (1.776–5.735) < 0.001 2.257 (1.085–4.696) 0.029 3.072 (1.133–8.330) 0.027

#indicates a signi�cant relationship after correction for age and sex.

3.4 ROC analysis of the risk factors for CAA without recovery
Multivariate logistic regression analysis showed that a high Z-score of the coronary artery internal diameter at 1 month after onset was signi�cantly
associated with CAA without recovery. ROC curve analysis showed that the Z score of the left main coronary artery was ≥ 3.215, with a sensitivity of 89% and
speci�city of 77% in predicting CAA without recovery within 1 year of onset. The Z score of the right coronary artery was ≥ 3.845 with a sensitivity of 64% and
a speci�city of 98% in predicting CAA without recovery within 1 year of onset and with a sensitivity of 83% and speci�city of 88% within 2 years of onset.

4 Discussion
The purpose of our study was to determine the effect of infections on over 300 children diagnosed with KD and to evaluate the potential risk factors
associated with CAA without recovery with 2 years of follow-up. We found that concomitant infection did not affect the patients’ response to IVIG treatment



Page 9/18

and coronary artery outcome when compared with patients without infection, and the time to coronary artery normalization was not notably prolonged for CAA
patients with infections. A high Z-score of the coronary artery internal diameter at 1 month after onset was an independent predictor of CAA without recovery
in patients with KD within 2 years of onset.

Evidence suggests that delayed therapy for KD is associated with an increased risk of treatment failure and development of CAA [22; 23], and co-infection
often develops more atypical clinical presentations, leading to delayed diagnosis of KD and even worse outcomes. In our study, we found that Mycoplasma
infection, which is common in preschool-aged children, constituted more than half of those infections (55.4%), and the age of onset of KD concomitant
infection may be slightly higher than those without infections, which is compatible with previous studies [24–26]. A previous study found that immune
modulation of Mycoplasma infection may result in a cross-reaction between bacterial and human cell components, and auto-immunity may contribute to the
pathogenesis of KD [25]. Thereafter, Park et al. [24] and Lan et al. [26] proposed that mycoplasma infections may occur simultaneously in children with KD. As
symptoms of mycoplasma infection may be similar to those of KD, diagnosis may be easily missed or delayed in preschool-aged patients with KD. A previous
study identi�ed [17] that the presence of a concomitant infection was associated with a higher rate of resistance to IVIG treatment. However, similar results
were not observed in this study. Although we found a higher incidence of IVIG resistance in the co-infection KD group than in the non-infection group in our
study, the difference did not reach statistical signi�cance, and the difference in the degree of coronary artery ectasia at the 3 months follow-up also showed no
signi�cant difference between these two groups. The same �nding was observed in CAA with and without infection groups, which was in agreement with the
study by Benseler et al. [14], suggesting that concomitant infection did not affect the patients’ response to IVIG treatment and coronary artery outcome in
patients with KD.

Long-term management and poor outcomes in KD patients with CAA have been considered serious concerns. The known risk factors for the development of
CAA in patients with KD include clinical characteristics such as sex, duration of fever, and IVIG resistance [27–30]. However, our study showed no signi�cant
differences between these factors in KD patients with and without infection, and concomitant infection had little in�uence on the normalization of coronary
artery dilatation following the acute phase, which is consistent with a previous study by Guo et al.[31]. Few studies have focused on the relationship between
infections and the long-term recovery time of CAAs. In this study, we conducted a 2 years’ follow-up study and found that CAA without recovery had a longer
duration of fever, higher platelet count, proportion of HGB < 110 g/L, serum albumin level < 34 g/L, and Z score of coronary artery internal diameter at 1 month
after onset than CAA with recovery, but only the Z score of coronary artery internal diameter at 1 month after onset was an independent factor for recovery of
CAA in the 2 years’ follow-up period. Future prospective studies with larger sample sizes are required to con�rm these associations.

There is a consensus that the likelihood of coronary aneurysm regression over time was negatively correlated with the initial lesion size; giant CAAs do not
revert to a normal morphology [32–35]. Studies have found that Studies have found that approximately 50% of aneurysmal coronary segments were
regressed often within the �rst year or 2 [36], and if the coronary artery diameter in the acute phase exceeds 6 mm, the appearance of stenotic lesions and
thrombosis increases signi�cantly during the remote phase [37; 38]. Recently, researchers have advocated a Z-score adjusted for BSA for a coronary artery
internal diameter to prejudge the degree of coronary artery ectasia, and several studies have reported that the likelihood of coronary artery regression within
the normal range depends on the size of the baseline Z score of the coronary artery [39; 40]. One study [31] found that the left coronary artery (LCA) and LCA to
aortic annulus ratio (LCA/AO) were important independent factors for coronary artery dilatation normalization. The results of the current study are comparable
to those of previous studies. Our study found that aneurysmal regression occurred in 67.1% within 1 year and in 85.9% within 2 years of onset, and CAA was
di�cult to normalize within 1 year of onset when the Z score of the left main coronary artery was ≥ 3.215, and within 2 years of onset when the Z score of the
right coronary artery was ≥ 3.845, indicating that a high Z score of coronary artery internal diameter at 1 month after onset was an independent predictor of
CAA without recovery in patients with KD within 2 years of onset. The present study provides evidence that the greater the CAA, the higher the risk of longer
time to recovery of CAA, and the incidence of thrombosis signi�cantly increased with increase in the recovery time.These �ndings could help physicians
evaluate recovery time and management strategy for the surveillance and prevention of late cardiovascular events.

The present study has some limitations. First, the duration of follow-up was only 2 years, and the association between concomitant infection and long-term
outcomes and coronary artery pathology in adult life is unknown. Second, this is a retrospective study, and the absence of a gold standard for KD diagnosis
might have misclassi�ed subjects, and bias might have been introduced in the results. Third, since non-routine testing and not all patients underwent coronary
angiography after echocardiography, some indicators that have been reported to be associated with CAA recovery were not available in the study, such as the
con�guration and number of CAAs and the levels of serum tumor necrosis factor (TNF)-α and myoglobin. Finally, pathogen examinations are limited and may
underestimate the prevalence of KD coinfection. This may require prospective testing in larger cohorts from different medical centers.

Conclusion
Concomitant infection at diagnosis of KD did not affect the patients’ response to IVIG treatment and coronary artery outcome when compared with those
patients without infections, and the time to coronary artery normalization was not notably prolonged for CAA patients with infections, but the Z score of the
coronary artery internal diameter at 1 month after onset was negatively correlated with the chance for the normalization of coronary artery dilatation within
two years of onset. Patients with a high Z-score of the coronary artery internal diameter may be candidates for future clinical trials of early intensi�cation
therapy with low-molecular-weight heparin or warfarin.
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Tables
Table 1  Comparison of baseline characteristics between coronary artery aneurysm with and without infections
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  Total

(n=90)

co-infected

 (n=20)

non-infected

(n=70)

P value

Demographic characteristics

Age [month, mean±SD] 25.73±27.69 26.10±23.64 25.63±28.90 0.947

<1 year [n(%)] 12 (13.3) 2 (10.0) 10 (14.3) 0.901

Male [n(%)] 67 (74.4) 13 (65.0) 54 (77.1) 0.272

Height [m, mean±SD] 0.84±0.19 0.86±0.17 0.84±0.20 0.564

Weight [kg, mean±SD] 11.72±6.11 12.15±4.53 11.59±6.51 0.724

BMI [kg/m2, mean±SD] 15.89±1.73 16.01±1.95 15.86±1.68 0.732

Clinical characteristics

Conjunctival injection [n(%)] 50 (55.6) 10 (50.0) 40 (57.1) 0.571

Changes in lips and oral cavity [n(%)] 46 (51.1) 9 (45.0) 37 (52.9) 0.535

Polymorphous exanthem [n(%)] 52 (57.8) 11 (55.0) 41 (58.6) 0.775

Cervical lymphadenopathy [n(%)] 33 (36.7) 6 (30.0) 27 (38.6) 0.483

Changes in extremities [n(%)] 28 (31.1) 4 (20.0) 24 (34.3) 0.224

Incomplete KD [n(%)] 30 (33.3) 5 (25.0) 25 (35.7) 0.370

Fever duration before admission

[day, mean±SD]

8.83±5.22 9.85±5.43 8.54±5.16 0.326

Days of illness at primary treatment

[day, mean±SD]

10.28±5.44 10.30±3.91 10.28±5.82 0.986

≤4 days [n(%)] 10 (11.1) 2 (10.0) 8 (11.4) 1.000

Laboratory values

White blood cell count

[×109/L, ref. 5–12×109/L],

mean±SD

15.59±7.76 14.06±9.31 16.03±7.28 0.320

Neutrophils count

[×109/L, ref.1.8–6.3×109/L], mean±SD

9.62±6.95 8.03±7.57 10.08±6.75 0.248

≥80% [n(%)] 12 (13.3)  3 (15.0)   9 (12.9) 1.000

NLR [mean±SD] 3.45±3.72 2.74±3.16 3.66±3.87 0.335

Hematocrit [mean±SD] 0.31±0.05 0.32±0.04 0.31±0.05 0.457

Platelet count

[×1012/L, ref. 125–350×109/L], mean±SD

396.41±211.03 436.29±307.22 385.02±175.68 0.341

PLR [mean±SD] 119.73±83.13 110.63±59.10 122.33±89.00 0.582

CRP [mg/L, ref. 0–10 mg/L], 

P50 (P25, P75)

64.90 (24.73, 108.97) 64.90 (15.22, 94.64) 64.93 (27.06, 118.76) 0.365

Sodium

[mmol/L, ref. 137–147 mmol/L], mean±SD

136.29±3.12 135.65±3.36 136.47±3.05 0.304

ALT [U/L, ref. 7–45 U/L], 

mean±SD

55.58±54.99 51.50±60.24 56.75±53.80 0.709

AST [U/L, ref. 13–40 U/L], mean±SD 56.64±74.76 61.25±67.62 55.33±77.08 0.757

Total bilirubin

[umol/L, ref. 3.4–20.5 umol/L], 

mean±SD

8.90±14.43 8.68±15.83 8.96±14.12 0.940
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Albumin [g/L, ref. 40–55 g/L], mean±SD 35.53±5.71 34.51±5.13 35.82±5.87 0.367

CRP/ALB ratio [P50 (P25, P75)] 1.86 (0.72, 3.32) 2.16 (0.42, 2.86) 1.75 (0.79, 4.18) 0.547

Clinical outcomes

PICU admission [n(%)] 6 (6.7) 1 (5.0) 5 (7.1) 1.000

IVIG resistance [n(%)] 20 (22.2) 8 (40.0) 12 (17.1) 0.062

Corticosteroid therapy [n(%)] 9 (10.0) 4 (20.0) 5 (7.1) 0.205

Thrombosis [n(%)] 11 (12.2) 4 (20.0) 7 (10.0) 0.414

Baseline Z score of coronary artery internal diameter

Left main coronary artery [mean±SD] 3.79±1.22 3.97±1.37 3.74±1.18 0.456

Right coronary artery [mean±SD] 3.39±1.39 3.78±1.56 3.28±1.33 0.155

Baseline maximum Z score 4.09±1.10 4.32±1.17 4.02±1.08 0.285

BMI body mass index, KD Kawasaki disease, NLR neutrophil-to-lymphocyte count ratio, PLR  platelet-to-lymphocyte count ratio, CRP C-reactive
protein, ALT alanine aminotransferase, AST aspartate aminotransferase, CRP/ALB C-reactive protein-to-albumin, PICU pediatric intensive care
unit, IVIG intravenous immunoglobulin, CAA coronary artery aneurysm.

Table 2 Comparison of baseline characteristics between coronary artery aneurysm with and without recovery



Page 15/18

  Within 1 year P Within 2 years P

    with recovery       
 (n=57)

without
recovery (n=28)

with
recovery (n=73)

without
recovery (n=12)

Demographic characteristics

Age [month] 20.00 (10.50, 32.50) 14.50 (8.00, 34.25) 0.531 16.00(9.50, 29.50) 28.50 (8.75, 82.50) 0.167

<1 year [n(%)] 5 (8.8) 6 (21.4) 0.197 10 (13.7) 1 (8.3) 0.961

Male [n(%)] 42 (73.7) 21 (75.0) 0.896 56 (76.7) 7 (58.3) 0.321

Height [m] 0.83 (0.73, 0.92) 0.79 (0.70, 0.97) 0.819 0.79 (0.71, 0.92) 0.91 (0.73, 1.24) 0.110

Weight [kg] 11.34±5.28 12.80±7.89 0.314 10.00 (8.25, 13.00) 12.55 (8.78, 19.75) 0.084

BMI [kg/m2] 15.69±1.74 16.04±1.62 0.382 15.82±1.67 15.72±1.96 0.848

Clinical characteristics

Conjunctival injection [n(%)] 34 (59.6) 15 (53.6) 0.594 43 (58.9) 6 (50.0) 0.563

Changes in lips and oral cavity [n(%)] 29 (50.9) 14 (50.0) 0.939 38 (52.1) 5 (41.7) 0.505

Polymorphous exanthem [n(%)] 34 (59.6) 15 (53.6) 0.594 44 (60.3) 5 (41.7) 0.227

Cervical lymphadenopathy [n(%)] 20 (35.1) 11 (39.3) 0.705 25 (34.2) 6 (50.0) 0.467

Changes in extremities [n(%)] 19 (33.3) 6 (21.4) 0.258 22 (30.1) 3 (25.0) 0.984

Incomplete KD [n(%)] 19 (33.3) 9 (32.1) 0.913 25 (34.2) 3 (25.0) 0.764

Fever duration before admission [day] 7.00 (5.00, 10.00) 8.50 (6.00, 14.00) 0.107 7.00 (5.00, 10.50) 9.50 (7.25, 17.75) 0.032

Days of illness at primary treatment [day] 9.51±4.98 11.46±6.39 0.126 9.78±5.30 12.42±6.54 0.126

≤4 days [n(%)] 7 (12.3) 3 (10.7) 1.000 9 (12.3) 1 (8.3) 1.000

Co-infected [n(%)] 9 (15.8) 8 (28.6) 0.166 14 (19.2) 3 (25.0) 0.938

Laboratory values

White blood cell count [×109/L, ref. 5–
12×109/L]

14.71 (9.60, 19.99) 13.29 (9.31, 19.94) 0.970 14.28 (8.79, 19.86) 15.65 (11.92, 29.46) 0.970

Neutrophilscount [×109/L, ref.1.8–
6.3×109/L]

9.10±5.94 9.98±7.97 0.570 8.00 (4.08, 12.88) 8.91 (5.20, 23.46) 0.207

≥80% [n(%)] 7 (12.3) 4 (14.3) 1.000 9 (12.3) 2 (16.7) 1.000

NLR  3.30±3.45 3.90±4.42 0.496 3.37±3.52 4.29±5.22 0.437

Hemoglobin [g/L, ref. 120–160g/L] 106.57±16.13 100.74±14.06 0.107 104.68±15.84 104.46±15.03 0.964

≤110 g/L [n(%)] 30 (52.6) 21 (75.0) 0.048 43 (58.9) 8 (66.7) 0.849

Platelet count [×1012/L, ref. 125–
350×109/L]

322.50 

(237.40, 435.15)

421.25 

(300.30, 613.28)

0.007 347.00  

(243.00, 451.25)

406.00   

(288.35, 647.85)

0.113

PLR 110.15±86.13 141.18±81.24 0.116 120.73±89.30 118.18±58.32 0.924

CRP [mg/L, ref. 0–10 mg/L] 58.75 (10.45, 114.91) 70.57 (42.31, 105.83) 0.467 75.86±60.47 79.51±55.66 0.845

Sodium [mmol/L, ref. 137–147 mmol/L] 136.14±3.03 136.14±3.18 0.996 136.09±3.21 136.50±1.99 0.670

ALT [U/L, ref. 7–45U/L] 50.90±53.14 62.94±61.09 0.353 54.06±55.55 59.77±59.61 0.745

AST [U/L, ref. 13–40U/L] 53.85±70.78 66.38±88.20 0.482 59.51±81.31 48.63±38.48 0.651

Total bilirubin [umol/L, ref. 3.4–
20.5umol/L]

8.96±15.25 9.38±14.12 0.903 9.48±15.89 6.80±3.74 0.564

Albumin [g/L, ref. 40–55 g/L] 36.04±5.76 34.75±5.82 0.336 35.74±5.72 34.85±6.33 0.623

≤34 g/L [n(%)] 16 (28.1) 15 (53.6) 0.022 24 (32.9) 7 (58.3) 0.169

CRP/ALB ratio  2.27±2.03 2.38±1.74 0.795 2.28±1.91 2.48±2.10 0.734

Clinical outcomes

PICU admission [n(%)] 3 (5.3) 3 (10.7) 0.637 6 (8.2) 0 (0.0) 0.588

IVIG resistance [n(%)] 8 (14.0) 10 (35.7) 0.021 16 (21.9) 2 (16.7) 0.975
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Corticosteroid therapy [n(%)] 2 (3.5) 5 (17.9) 0.065 6 (8.2) 1 (8.3) 1.000

Thrombosis [n(%)] 1 (1.8) 10 (35.7) <0.001 4 (5.5) 7 (58.3) <0.001

Z score of coronary artery internal diameter at 1 month after onset

Left main coronary artery  2.60 (2.29, 3.13) 4.66 (3.39, 5.82) <0.001 3.05±1.12 5.58±2.06 <0.001

Right coronary artery  2.13 (1.48, 2.83) 4.68 (2.79, 5.65) <0.001 2.60 (1.67, 3.22) 5.72 (4.12, 6.80) <0.001

BMI body mass index, KD Kawasaki disease, NLR neutrophil-to-lymphocyte count ratio, PLR  platelet-to-lymphocyte count ratio, CRP C-reactive
protein, ALT alanine aminotransferase, AST  aspartate aminotransferase, CRP/ALB C-reactive protein-to-albumin, PICU pediatric intensive care
unit, IVIG intravenous immunoglobulin, CAA coronary artery aneurysm.

Table 3    Results of logistic regression analyses of coronary artery aneurysm without recovery within 1 year

characteristic Univariable Multivariable Adjust#

odds ratio (95%CI) P  value odds ratio (95%CI) P value odds ratio (95%CI) P value

Hemoglobin≤110 g/L 0.370 (0.136–1.008) 0.052 0.542 (0.132–2.220) 0.394 0.539 (0.105–2.537) 0.435

Platelet count 1.004 (1.001–1.006) 0.010 1.002 (0.998–1.005) 0.260 1.002 (0.998–1.006) 0.283

Albumin≤ 34 g/L 0.338 (0.132–0.867) 0.024 0.871 (0.202–3.750) 0.853 0.863 (0.171–4.357) 0.858

IVIG resistance 3.403 (1.161–9.973) 0.026 2.688 (0.584–12.373) 0.204 2.637 (0.579–12.337) 0.208

Z socre of left main  coronary artery 2.999 (1.836–4.899) <0.001 2.045 (1.188–3.519) 0.010 2.054 (1.176–3.590) 0.011

Z socre of right  coronary artery 2.760 (1.739–4.379) <0.001 2.091 (1.211–3.610) 0.008 2.076 (1.180–3.650) 0.011

#indicates a signi�cant relationship after correction for age and sex, IVIG intravenous immunoglobulin.

Table 4    Results of logistic regression analyses of coronary artery aneurysm without recovery within 2 years 

characteristic Univariable Multivariable Adjust#

odds ratio (95%CI) P  value odds ratio (95%CI) P value odds ratio (95%CI) P value

Fever duration before admission 1.154(1.030–1.293) 0.014 1.136 (0.962–1.343) 0.133 1.180 (0.963–1.447) 0.110

Z socre of left main    coronary artery 3.145 (1.766–5.600) <0.001 2.058 (0.961–4.407) 0.063 2.212 (0.962–5.086) 0.062

Z socre of right coronary artery 3.191 (1.776–5.735) <0.001 2.257 (1.085–4.696) 0.029 3.072 (1.133–8.330) 0.027

#indicates a signi�cant relationship after correction for age and sex.
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Figure 1

Distribution of pathogens in coronary artery aneurysm co-infection in Kawasaki disease

Figure 2

Coronary artery changes from baseline over time in Kawasaki disease patients with coronary artery aneurysm, by subgroups

CAA, coronary artery aneurysm.
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Figure 3

Kaplan-Meier comparative survival analysis of the time to coronary artery dilatation normalization

CAA, coronary artery aneurysm.
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