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Background: Kawasaki disease (KD) is an acute febrile systemic vasculitis of unknown etiology. After the pandemic of coronavirus disease 2019 (COVID-19), some children infected by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) showed clinical symptoms similar to KD, indicating a close relationship between KD and SARS-CoV-2. Therefore, we designed this retrospective study to analyze the characteristics of KD patients before and after the COVID-19 pandemic.

Methods: We retrospectively collected demographic and laboratory data of KD patients in Yuying Children's Hospital of Wenzhou Medical University from 1 January 2015 to 31 December 2020. Yuying Children's Hospital of Wenzhou Medical University is located in eastern China and is the largest pediatric heart disease center in the region, which includes a population of nearly 10 million. We studied the characteristics of KD patients and analyzed the changes in these characteristics before and after the emergence of SARS-CoV-2 in this area.

Results: The analysis revealed the following novel features: (1) Under the influence of the COVID-19 pandemic, the onset age of Kawasaki disease became younger. (2) After the occurrence of COVID-19, the hospitalization days of KD patients were shorter than before the pandemic. (3) After the occurrence of COVID-19, the albumin of KD patients was higher than before the pandemic. (4) The COVID-19 pandemic did not have a significant effect on the incidence of coronary artery lesions (CALs) in Kawasaki disease.

Conclusion: After the COVID-19 outbreak, the characteristics of KD patients showed a younger trend of age, shorter hospitalization days and higher levels of albumin, but the incidence of CALs did not change significantly.
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HIGHLIGHTS

- The Characteristics of KD Before and After the COVID-19 Pandemic Were first Discussed in China.

- Our Results Provide a Reference for the Characteristics of KD in Other COVID-19 Pandemic Areas.

- Clinical and Laboratory Data of KD Patients Were Collected in the Largest Pediatric Heart Disease Center in a Region With a Population of 10 Million, Which can Represent the Characteristics of KD in a Large Population Area.



INTRODUCTION

Kawasaki disease (KD) is a small and medium-sized blood vessel vasculitis that usually affects children under 5 years of age (1). KD was first proposed in 1967, but the causes remain unknown (2). KD tends to involve the coronary artery, leading to coronary artery lesions (CALs) or even coronary artery aneurysms (CAAs) (3).

The outbreak of coronavirus disease 2019 (COVID-19) affects a large number of people, including children, and poses severe challenges to the world (4, 5). Britain, the United States (6), Italy (7), France (8, 9) and other countries (10) have reported cases of children infected with SARS-CoV-2 with symptoms similar to KD. This phenomenon has been called pediatric multisystem inflammatory syndrome temporally associated with SARS-CoV-2 (PIMS-TS) in the UK and multisystem inflammatory syndrome in children (MIS-C) in the USA (11). Studies have compared the characteristics of SARS-CoV-2-positive and SARS-CoV-2-negative children among patients with KD, hoping to provide a better explanation for the disease (12). We are also interested in this topic, but since no SARS-CoV-2-positive children with KD have been found in this area due to strict prevention and control methods, we focused on whether the pandemic has brought changes to the characteristics of KD patients.

China, as a country with a large population, brought the COVID-19 pandemic under control soon after its outbreak. However, at the same time, the pandemic greatly changed the living and social habits of Chinese people, especially from January to March 2020, when the pandemic was the most severe. During this period, China adopted measures such as blockading cities and promoting less travel to cut the spread of the pandemic through social isolation (e.g., every family in the city could assign one family member to go out to purchase necessities every 2 days) (13, 14). This policy was very successful in the acute stage of the pandemic (15). Since April 2020, the pandemic situation has gradually improved, and moderate social distancing and mask-wearing have become common in daily life. We were curious whether the outbreak of COVID-19 and the changes in prevention and control policies had an impact on the characteristics of KD patients, and we designed this retrospective study accordingly.

Yuying Children's Hospital of Wenzhou Medical University is located in eastern China; it is the largest pediatric heart center in the region and can represent the characteristics of KD in a large population area. Therefore, we retrospectively analyzed the characteristics of KD patients before and after the outbreak of COVID-19 and found interesting phenomena.



METHODS


Patient Enrollment

This study was approved by Yuying Children's Hospital of Wenzhou Medical University. Patients who met the diagnostic criteria of Kawasaki disease from 2015 to 2020 based on the 2017 American Heart Association (AHA) guidelines were included in the study. KD was diagnosed in the presence of fever together with at least 4 of the 5 following principal clinical features: (1) erythema and cracking of lips, strawberry tongue, and/or erythema of oral and pharyngeal mucosa; (2) bilateral bulbar conjunctival injection without exudate; (3) rash: maculopapular, diffuse erythroderma, or erythema; (4) multiforme-like erythema and edema of the hands and feet in the acute phase and/or periungual desquamation in the subacute phase; (5) cervical lymphadenopathy. Patients who lacked the full clinical features of classic KD were often evaluated for incomplete KD. If coronary artery abnormalities were detected, the diagnosis of KD was considered confirmed in most cases. KD patients who were not treated with intravenous immunoglobulin (IVIG), were not in the acute stage of KD or had an unclear diagnosis were excluded. In addition, all patients enrolled after the outbreak of COVID-19 were tested with a real-time RT–PCR assay, and all the results were negative. Meanwhile, the epidemiological investigation showed that the children had no history of close contact with individuals with COVID-19.



Study Design

For the purpose of our study, we retrospectively compared the clinical and laboratory data of KD patients between 2019 and 2020 and obtained interesting results. To verify the findings, KD patients from 1 January 2015 to 31 December 2019 were compared with KD patients in 2020.

Meanwhile, the control and prevention of the COVID-19 pandemic in China was the most severe from January to March 2020 and gradually relaxed after April 2020, and we compared KD patients between the two different periods. The above analysis revealed an interesting result of onset ages among KD patients. To better illustrate this finding, we divided KD patients according to age and conducted further statistical analyses.



Demographic Data and Laboratory Tests of KD Patients

The diagnosis of all patients was determined by experienced pediatric cardiologists, including the identification of incomplete Kawasaki disease (IKD) and intravenous immunoglobulin resistance (IVIG-R). The laboratory tests were carried out by the Laboratory Department of Yuying Children's Hospital of Wenzhou Medical University and included hemoglobin (HB), platelet (PLT), white blood cell (WBC), neutrophil (N), lymphocyte (L), eosinophil (E), hematocrit (HCT), c-reactive protein (CRP), erythrocyte sedimentation rate (ESR), sodium (Na), chlorine (Cl), potassium (K), calcium (Ca), magnesium (Mg), phosphorus (P), aspartate aminotransferase (ALT), alanine aminotransferase (AST), albumin (ALB), gamma glutamate transferase (GGT), total bilirubin (TBIL), direct bilirubin (DBIL), and indirect bilirubin (IBIL) levels. The echocardiography of the patients was examined by doctors in the ultrasound department of the hospital. The standard definition of a CAL is as follows: (1) coronary artery diameter > 2.5 mm for children aged <3 years, > 3 mm for children aged 3–9 years, and > 3.5 mm for children aged > 9 years; (2) internal diameter of a segment measuring ≥1.5 times that of an adjacent segment; and (3) clearly irregular lumen (16).



Follow-Up Care

Children who did not revisit after discharge were defined as missing cases. The follow-up period was from 1 to 6 months. The follow-up data of pediatric outpatients were collected by pediatric cardiovascular doctors.



Statistical Methods

The classified variables were analyzed by the chi-square test. The continuous variables were analyzed by t test or non-parametric test according to the normality test of the data. P < 0.05 indicated a statistically significant difference.



Patient and Public Involvement

Patients and the public were not involved in the design, conduct, reporting, or dissemination plan of this research.




RESULTS


Clinical Data and Laboratory Test Comparisons Between 2019 and 2020 KD Patients

The results indicated that the onset age of KD patients in 2020 was lower than that in 2019, and the hospitalization days were shorter. There were no significant differences in sex, IKD or IVIG-R incidence between the two groups. The laboratory test results revealed that N, ESR, Mg and GGT in KD patients in 2020 were lower than those in 2019, while the levels of L, Cl and ALB were higher. There were no significant differences in other indices. The results are presented in Table 1.


Table 1. Demographic and clinical characteristics.
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Comparisons of Data Between KD Patients in 2015–2019 and in 2020

Consistent with the above results, a lower onset age and shorter hospitalization days of KD patients were found in 2020. A higher incidence of IKD was revealed in 2020 KD patients. There was no significant difference in sex or the incidence of IVIG-R between the two groups. The laboratory test results showed that after the outbreak of COVID-19, the levels of WBC, N and Mg in KD patients were lower than before the pandemic, but the levels of K and Cl increased; at the same time, AST, ALB, and TBIL increased, and ALT and GGT decreased. No significant differences were found in other indices. The results are presented in Table 2.


Table 2. Demographic and clinical characteristics.
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Comparison of KD Patients Between 1 January to 31 March 2020 and 1 April to 31 December 2020

The onset age of KD patients after 1 April 2020 was lower than that between 1 January and 31 March 2020. The incidence of IKD was lower, the hospitalization days were shorter, and the levels of HB, WBC, N, HCT and GGT were higher, but the levels of Na, Cl and Ca were lower. The detailed statistical results are shown in Table 3.


Table 3. Demographic and clinical characteristics.
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Comparison of CAL Incidence

We analyzed the incidence of CALs between 2015–2019 and 2020, and no significant difference was found. The same analysis was conducted between 2019 and 2020 and the conclusion was consistent, as shown in Table 4.


Table 4. The comparision of CAL incidence.
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Changes in the Characteristics of Patients With Kawasaki Disease After COVID-19

Through the above statistical analysis, we found that after the outbreak of COVID-19, there was an obvious younger trend in the onset age of KD, the days of hospitalization were shorter, and the level of albumin was significantly higher than before the pandemic. To better illustrate these changes, the results are presented in Figures 1–3.


[image: Figure 1]
FIGURE 1. Characteristics of ages before and after the COVID-19 pandemic.
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FIGURE 2. Characteristics of hospitalization days before and after the COVID-19 pandemic.
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FIGURE 3. Characteristics of albumin before and after the COVID-19 pandemic.




Future Analysis for Age Stratification

Among the results, the younger trend of onset age is the most worthy of our attention. We further divided patients into three groups by age, ≤ 1 year, 1–5 years and > 5 years, and performed a statistical analysis.

The comparison of age stratification between 2015 to 2019 and 2020 suggested that the proportion of younger KD patients in the 2020 group was higher than that in the 2015–2019 group, and the difference was statistically significant (Table 5). The same results were obtained in the comparisons of the 2019 and 2020 groups (Table 6). We further compared the same age stratification between 1 January to 31 March 2020 and 1 April to 31 December 2020 and obtained the same results (Table 7).


Table 5. The comparision between different ages.

[image: Table 5]


Table 6. The comparision between different ages.
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Table 7. The comparision between different ages.
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DISCUSSION

KD is an acute vasculitis disease that mainly involves small and medium-sized blood vessels, especially in children under 5 years of age (17). The worst damage is the involvement of the coronary artery, especially the formation of coronary artery aneurysms (18). IVIG treatment can reduce the incidence of CAL (19). In the past, Kawasaki disease was considered to be a self-limiting disease, but in recent years, an increasing number of studies support that its vascular injury exists after the acute stage and is even related to vascular stenosis, occlusion and acute sudden death in adulthood (20).

After the outbreak of COVID-19, the emergence of PIMS-TS/MIS-C drew increased attention to Kawasaki disease (21, 22). We collected cases of KD from 2015 to 2020 in a children's hospital in southeastern China and compared the clinical data and laboratory tests before and after the outbreak of the pandemic.

As shown in the results, several interesting changes attracted our attention. First, under the influence of the pandemic, the onset age of KD patients decreased. Second, the level of albumin was not affected by the pandemic but showed an upward trend, indicating that the nutritional level of KD patients had not been affected. Third, the hospitalization days of KD patients were shorter, which might reflect that the hospital shortened the hospitalization days as much as possible to reduce the risk of infection after the pandemic, although the incidence of CALs was not affected.

Regarding the age of onset, to verify the reliability of the results, patients were divided into three age groups of ≤ 1 year, 1–5 years and >5 years. There were significant differences among the three groups, and the trend of younger age mainly occurred after the acute phase rather than in the acute phase. This result was very interesting and might be related to the changes in the social style of young children under the prevention and control of the pandemic in southeastern China. Since the outbreak of the pandemic, Wenzhou was closed once in the acute period, and the main activity places for infants and young children changed from outdoor to indoor, a change that mainly occurred in children who could walk and were over 1 year of age. Studies have shown that social isolation reduced the incidence of common infectious diseases in children during the pandemic (23), which supports our theory. Wearing masks while going out reduced the risks of respiratory tract infection in children to some extent, which might be the reason for partly reducing the risk of KD in children over 1 year of age. Studies have shown that protective measures such as wearing masks and washing hands frequently reduce the incidence of respiratory tract infection (24, 25), which also supports our theory. Considering the characteristics of the COVID-19 pandemic and the prevention and control measures in China, we believe that this may be one of the reasons for the younger onset trend of KD, which in turn partially proves the link between KD and respiratory tract infection.

A national study in Korea showed that during the period of wearing masks and social isolation, the incidence of KD decreased, and this downward trend mainly occurred in people aged 0–4 and 5–9, but no decline was observed in people aged 10–19 (26). In our study, we made a more accurate classification of age according to the characteristics of KD. The results showed that there was indeed a difference in KD age stratification before and after the pandemic, mainly manifested by the decrease in patients aged 1–5 years and the increase in patients under 1 year of age. However, in the acute phase of the outbreak, the number of patients over 5 years of age decreased, and the number of patients under 1 year of age increased. In addition, a study in Japan showed that during periods of social alienation, the decline in older KD children was greater than that in KD infants (<1 year), resulting in a significant difference in the proportion of infants between 2020 and 2017–2019 (27), which was consistent with our results. This also indicates that the incidence of Kawasaki disease is closely related to infection.

There are other issues to consider. Does this trend exist in other COVID-19 pandemic areas? How long will this trend last? Will this trend be reversed by pandemic control? These are all issues that we should focus on in the future.

There are some shortcomings in our research, such as a small sample size and a single research center. Our conclusions need to be further verified by multicenter and large sample studies.
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IKD, incomplete Kawasaki disease; IVIG-R, intravenous immunoglobuiin-resistance; HB,
hemoglobin; PLT, platelets; WBC, white blood cel; N, neutrophis; L, lymphocyte; E,
eosinophi; HCT, hematocrit; AR, c-reactive protein; ESR, erythrocyte sedimentation rate;
Na, sodum; K, potassium; G, chlorine; Ca, calcium; Mg, magnesium; P, phosphorus; ALT,
aspartate aminotransferase; AST, alanine aminotransferase; ALB, albumin; GGT, gamma
glutamate transferase; TBIL, total biliubin; DBIL, direct bilrubin; IBIL, indirect biliubin.

*p < 0.05.
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IKD, incomplete Kawasaki disease; IVIG-R, intravenous immunoglobuiin-resistance; HB,
hemoglobin; PLT, platelets; WBC, white blood cel; N, neutrophis; L, lymphocyte; E,
eosinophi; HCT, hematocrit; AR, c-reactive protein; ESR, erythrocyte sedimentation rate;
Na, sodum; K, potassium; G, chlorine; Ca, calcium; Mg, magnesium; P, phosphorus; ALT,
aspartate aminotransferase; AST, alanine aminotransferase; ALB, albumin; GGT, gamma
glutamate transferase; TBIL, totel biliubin; DBIL, direct bilrubin; IBIL, indirect biliubin.

*p < 0.05.
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Comparison between different ages among patients enrolled in 2019 and patients
admitted in 2020. *P < 0.05.
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CAL was defined as mentioned in the article. CAL before treatment means that CAL was
calculated before treatment with IVIG to the end of follow-up. CAL after treatment means
that CAL was calculated after treatment with IVIG to the end of follow-up. Patients who
had a CAL at any time during the study period were counted. *P < 0.05.
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Comparison between different ages among patients enrolled from 2015 to 2019 and
patients admitted in 2020. *P < 0.05.
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