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Kawasaki Disease (KD) is a severe illness of unknown cause that greatly alters the lives 

of children throughout the world. KD, also called the mucocutaneous lymph node syndrome, 

causes inflammation of the blood vessels throughout the body, including the coronary arteries, 

which can be fatal. According to the Centers for Disease Control and Prevention, approximately 

5,500 children were diagnosed with KD in the year 2009 in the United States (CDC, 2013). KD 

mainly affects children under the age of five with prevalence in North America and Japan. Early 

detection and diagnosis of KD is extremely important, since treatment within the first 10 days of 

manifestation greatly reduces the risk of coronary damage (Rowley, 1998). Therefore, the ability 

to identify symptoms and start appropriate treatments quickly is of the utmost importance to 

prevent any further coronary damage. The etiology of the disease is unknown, demonstrating the 

necessity of further research. With raised awareness and further research of Kawasaki Disease, 

the number of individuals with significant complications due to accrued heart disease can 

decrease and lives can be saved. 

 While the exact cause of KD is unexplained, the symptoms of this syndrome have been 

well established. KD is split up into three distinct phases with associated symptoms. The first 

phase is called the acute phase of KD and includes fever, conjunctivitis without discharge, a rash 

(typically located around the stomach and genital area), swollen hands and feet, strawberry 

tongue, and lastly enlarged lymph nodes (usually in the neck region). These symptoms affect the 

mucosal and lymphatic system regions which is why KD is also called the mucocutaneous lymph 
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node syndrome. As the syndrome progresses into the second and third symptom phases, 

irreversible heart damage begins to accumulate. The second phase called the subacute phase 

consists of diarrhea, vomiting, joint pain, nausea, and extremely noticeable peeling of skin of the 

hands and feet ("Kawasaki Disease", 2016). By the third or convalescent phase, signs and 

symptoms can disappear, making it extremely important to diagnose KD correctly in the first 

place to minimize lasting damage to the child. The current method of diagnosing KD is based on 

observational characteristics. In addition to this, diseases with similar symptoms are ruled out, 

such as toxic shock syndrome and juvenile rheumatoid arthritis, in order to further characterize 

the disease as KD (Cross Mark, 2016). KD is diagnosed with symptoms lasting longer than four 

days along with the presence of four identifiable characteristics of the disease (NHLBI, 2011). 

Recent advancements have made it somewhat easier to diagnose KD early. A biomarker called 

CXCL10/IP-10 was found to be a good predictor of KD (Ko, et al., 2015). C-X-C motif 

chemokine 10 or interferon gamma-induced protein 10 (CXCL10/IP-10) is a small protein 

chemokine activated by IFN-γ and binds to CXCR3. CXCR3 is a chemokine receptor on the 

surface of T cells. IP-10 was found to be elevated above 1318 pg/mL in children with KD (Ko, et 

al., 2015). With early diagnosis, treatments can begin in order to stop the progression of this 

potentially fatal disease. 

 KD can cause a range of complications from nausea to death. Aside from the above 

symptoms and problems that KD can induce, it causes more serious, long-term complications. 

KD is the most prominent cause of acquired cardiovascular disease in children. This is due to its 

property of inducing inflammation in the coronary arteries and other blood vessels. While the 

exact cause of KD is still undetermined, there have been some observations that suggest an 

immunological response is involved (Leung, 2009). Immunological cascades involving a number 
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of different factors, such as IL-2, TNF, and INF-γ, potentially induce an immunologic reaction in 

vascular endothelial cells, resulting in vasculitis (Leung, 2009). This innate response due to KD 

results in inflammation and with each day left untreated causes further irreversible coronary 

damage for the child affected. 

 The common treatment utilized for KD is to administer intravenous gamma globulin 

(IVIG) and aspirin in order to reduce inflammation and fever. Immunoglobulin therapy is used to 

reduce inflammation and is multifactorial in its ability to do so. In one study, it is shown that 

intravenous immunoglobulin creates complexes that can then interact with the constant region 

(Fc gammaR) of an antibody to help induce dendritic cell regulatory activity (Siragam, 2006). 

Dendritic cells are antigen presenting cells that initiate the adaptive immune response via 

activation of T cells. However, intravenous immunoglobulin dendritic cells operate outside of the 

adaptive immune system by downregulating phagocytic macrophages (Siragam, 2006). 

Macrophages release pro-inflammatory signals; therefore, with the reduction of macrophages 

due to IVIG, inflammation is reduced (McArdle, 2013). It has also been shown that 

immunoglobulin can induce expression of the receptor FcgRIIB, which is found in B cells and 

myeloid dendritic cells. FcgRIIB is an inhibitory receptor that when activated, reduces antibody 

production (Samuelsson, 2001). This functions to help reduce the autoimmune effect and overall 

inflammation response. It was also observed that IVIG returned the levels of IP-10 to normal 

(Ko, et al., 2015). Therefore, immunoglobulin subdues the immune system’s responses to 

infection, such as inflammation (Maverakis, 2015). Aspirin, on the other hand, is given in order 

to reduce fever. Aspirin is a nonsteroidal anti-inflammatory drug (NSAID). It acts by irreversibly 

binding to the enzyme cyclooxygenase (COX). This enzyme limits the rate at which specific 

prostaglandins, PGH and PGE2, are created. These prostaglandins have a pyrogenic effect on the 
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body. Therefore, with the inhibition of prostaglandin synthesis, fever is reduced (Bartfai, 2010). 

Aspirin is used as opposed to Tylenol, which contains acetaminophen, because acetaminophen is 

not an NSAID. Therefore, Tylenol will only help reduce the amount of time a patient is febrile 

while aspirin with help with both fever and inflammation. According to the American Heart 

Association (AHA) and the American Academy of Pediatrics (AAP), the suggested dosage 

suggested for treatment includes intravenous immune globulin (2 g/kg) given over an 8 to 12 

hour time span and aspirin (30 to 50 mg/kg) given four times daily (Sundel, 2016). With the 

treatment of IVIG and aspirin, a reduction of inflammation and length of fever is expected for 

those diagnosed with KD. 

 The use of IVIG and aspirin in treatment of KD has recently been controversial in that 

some studies have found such treatments not effective. In a recent study in order to determine the 

effects of high-dose aspirin, two groups of children diagnosed with KD were enrolled in the 

retrospective study. One group (Group 2) was treated with only a high dose of intravenous 

immunoglobulin (2g/kg) until the acute phase subsided and then low-dose aspirin (3-5 

mg/kg/day) was given. On the other hand, the other group (Group 1) was given high-dose aspirin 

(>30 mg/kg/day) along with intravenous immunoglobulin initially and then lower-dose aspirin 

(3-5 mg/kg/day) after fever subsided. Both groups were continued on the low-dose aspirin until 

all sign of inflammation were gone. The complete blood count (CBC), C-reactive protein (CRP) 

that measures the amount of inflammation present in the body, level of hemoglobin, response to 

intravenous immunoglobulin, and the rate of construction of coronary artery lesions (CALs) 

were measured and analyzed for both groups to determine the effects of high-dose aspirin. IVIG 

response was determined as the resolving of fever within 48 hours and temperature staying 

below 38◦C for a week.  Peripheral blood was examined a day before treatment and within 3 
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days of starting IVIG treatment. Enzyme-linked immunoassay (ELISA) was also utilized in order 

to determine hepcidin levels from the collected blood plasma samples of the subjects. Hepcidin 

is a regulatory hormone for iron and is of interest because inflammation increases its rate of 

synthesis (Ganz, 2012). Furthermore, a previous study by the authors linked anemia in KD 

patients with elevated hepcidin expression. The treatment plan including high-dose aspirin 

resulted in little difference in rates of CAL formation, lowered hemoglobin levels, higher CRP 

levels, and only a small decrease in expression rate of plasma hepcidin. Therefore, with the 

following collected data, it was determined that high-dose aspirin does not enhance the recovery 

of KD patients in the acute phase and that children not be administered high-dose aspirin as a 

part of treatment plans (Kuo, et al., 2015).  

 In another study, the necessity of high-dose aspirin was reassessed and found to be non-

beneficial. This was determined by treating and observing two groups of individuals diagnosed 

with Kawasaki Disease. All groups were treated with a single dose of IVIG (2g/kg). The 

experimental group was then administered low-dose aspirin (3 to 5 mg/kg/day). In contrast, the 

control group was treated with high-dose aspirin (80 to 100 mg/kg/day). The comparison of 

neutrophils, platelets, aspartate aminotransferase (AST), alanine aminotransferase (ALT), 

protein, white blood cell (WBC), albumin, N-terminal pro-brain natriuretic peptide (NT-

proBNP) that is elevated in congestive heart failure, and C-reactive protein (CRP) both before 

and after the treatment of IVIG and aspirin. These results were all obtained from standard 

hospital complete blood count (CBC) and complete metabolic panel (CMP) testing. Since one of 

the main goals of KD treatment is to reduce coronary artery lesions (CALs), the presence of 

CALs was also determined. This was measured by echocardiography at the time of diagnosis of 

KD, discharge, as well as 4 weeks post discharge. It was found that there was no significant 
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difference in all blood tests between the experimental and control group. In addition, there was 

no detectable effect of high-dose aspirin in the reduction of CALs. Therefore, this research 

supported that high-dose aspirin seems to have no enhancing effect on the treatment of KD (Lee, 

et al., 2013). 

 In opposition to this, it was found that endothelial progenitor cells (EPCs) were positively 

affected by IVIG and aspirin. EPCs are types of bone marrow cells that have the ability to 

proliferate and differentiate into endothelial cells that line blood vessels. EPCs have been shown 

to be an effective treatment therapy for cardiovascular diseases (Asahara, 2011). In order to test 

this, ten individuals with KD were administered aspirin (50mg/kg/day) and IVIG (2g/kg) as part 

of their treatment plans. A blood sample was collected prior to treatment as well as 7 days after 

aspirin and IVIG were administered during the acute phase of KD. The EPCs were then isolated 

from these blood samples by Ficoll density gradient centrifugation, which uses a high mass, 

hydrophilic polysaccharide. After centrifugation a gradient is established from top to bottom of: 

plasma, PBMCs, Ficoll, granulocytes, and finally erythrocytes. The peripheral blood 

mononuclear cells (PBMCs) were incubated, stained, and observed with a phase-contrast 

fluorescent microscope. The cells that were positive for both fluorescent stains used were 

considered EPCs. To measure EPC functions multiple assays were performed. After isolation, 

the EPCs were digested by the enzyme trypsin (0.25%) and cultured in a 96-well plate. After 24 

hours the EPCs were supplemented and incubated for another 4 hours.  Supernatant was 

discarded and the solution was shaken for 10 minutes with dimethyl sulfoxide. After shaking, 

optical density was read at 490 nm to determine cell proliferation. To determine part of the EPC 

function, cell adhesion was measured. This was accomplished by seeding EPCs onto a 24-well 

plate that was coated with fibronectin. After incubation and three washes with phosphate-
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buffered saline, the cells still attached were counted in 5 different high powered fields and 

averaged to determine adhesion activity. The second function of EPCs that was measured was 

cell migration. This was determined by using a variation of the Boyden chamber method. This 

technique uses a chamber of two compartments filled with medium and separated by a 

membrane.  Cell suspension is placed in the top compartment and incubated. Cells migrate 

through pores in the membrane during incubation. Afterwards, the lower side of the filter was 

washed and fixed with 2% paraformaldehyde. Cells were stained and counted by hand in three 

random fields under the microscope. The final part of the experiment was to measure TNF-α and 

CRP levels.  After separation at 4◦C, blood samples were stored at -20◦C. Particle-Enhanced 

Immunoturbidimetric Assay was carried out by a specialist to measure CRP at 550 nm. This 

assay uses latex particles coated with antibody to CRP. In the presence of CRP, immune 

complexes are formed, which increase light scattering proportional to concentration. Turbidity 

was measured at 550 nm and results were compared to a standard curve. TNF-α concentration 

was measured using standard ELISA technique and compared to the standard curve. Therefore, 

with this study it was found that aspirin and IVIG appear to have a positive effect in regards to 

the treatment of KD due to overall lowered levels of TNF-α and CRP, as well as significantly 

better proliferation, adhesion, and migration of EPCs  (Xu, et al., 2011). 

 Aside from the controversial aspect of treatment methods, it has been shown that some 

individuals are resistant to IVIG. About 20% of individuals diagnosed with KD are resistant to 

IVIG, which increases their risk of coronary artery (CA) aneurysms. Therefore, in a randomized 

and controlled trial group, the efficiency of primary steroids in aiding those with suggested IVIG 

resistance was researched. In this study, patients included were randomly appointed to be 

administered the same volumes over the same time frame of either IV methylprednisolone (30 
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mg/kg) or an infusion of Dextrose in water (5%). On top of this, each patient was treated with 

IVIG (2 g/kg) and aspirin (80-100 mg/kg/day) until fever abated for 48 hours. A low dose (3-5 

mg/kg/day) of aspirin was continued for 5 weeks after randomization. If fever above 38.3◦C 

continued 36 hours after initial IVIG treatment, then retreatment with the same IVIG dose was 

administered. The data was collected prior to treatments, as well as 1 and 5 weeks after the given 

randomized treatments. The data set included echocardiograms, as well as a full panel of 

standard lab tests, including complete blood count (CBC), albumin, alanine aminotransferase 

(ALT), C-reactive protein (CRP), blood serum immunoglobulins, and erythrocyte sedimentation 

rate (ESR). It was seen that those treated with primary steroids did not have heavily influenced 

coronary artery aneurysm results; however, there was a noticeable positive effect in those 

children diagnosed with IVIG resistance. Therefore, the researchers identify primary 

corticosteroids as a potential area of further research in lowering IVIG resistance (Sleeper, et al., 

2011). 

This area of corticosteroids is further researched in relation to IVIG as an alternative way 

of reducing coronary artery lesions (CALs) and, thus, coronary heart disease. There were 125 

retrospective subjects and 50 prospective subjects who were given initial IVIG treatment at 

1g/kg/day for 2 days. From the initial 175 subjects, a total of 38 individuals from both groups 

had fever that last longer than 24 hours or recurrent fever and were considered non-responders. 

From the retrospective group, 13 subjects received a second treatment and were considered the 

control group. Out of the 13 subjects, 11 only got IVIG, while the remaining 2 received 

treatment with prednisolone (PSL). The experimental method included treating a control group 

with solely IVIG treatment for both primary and secondary treatments if patients remained 

febrile. On the other hand, the experimental group, which consisted of the 6 patients from the 
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prospective subjects, was administered 1g/kg/day IVIG for 2 days along with PSL injection 

(2mg/kg/day) until non-febrile in which PSL was continued to be given, but by mouth until CRP 

levels were within normal limits. The PSL was given for an additional 15 days with a reduction 

in dosage every 5 days (2 mg/kg/day, 1mg/kg/day, 0.5mg/day). A full hospital laboratory panel 

was collected prior to initial treatment, after initial treatment, as well as after additional treatment 

for both groups. The results were not significantly different before the treatment of IVIG 

compared to after specific treatments for all levels except for sodium concentration, neutrophils, 

and CRP levels. The concentration of sodium was significantly lower in those treated with PSL, 

as well as neutrophil and CRP levels being noticeably higher in the study group. 

Electrocardiograms were also performed when the subjects were admitted and 24 hours after 

admission to assess for CALs. In this study, a CAL was defined as aneurysms greater than 3.0 

mm in diameter for subjects younger than 5 years and 4 mm for patients 5 years or older. In 

addition, diameter of a segment being 1.5 times larger than adjacent segments or irregularities in 

the lumen were also considered CALs. The researchers of this experimental paper conclude that 

normal IVIG treatments with the combination of steroids, such as PSL, cause patients to become 

non-febrile faster. Therefore, they deem PSL as a potential way to shorten the time of fever, 

which could potentially aid in the reduction of development of CAL and coronary heart disease 

(Jibiki, et al. 2011). 

While a lot of progress has been made in the terms of learning about KD, there is always 

room for more knowledge about this illness since it affects the lives of our future generations. 

KD has discernible symptoms that can be used to diagnosis individuals with the disease; 

however, more concrete methods need to be researched in order to easily and quickly identify 

this illness and significantly decrease coronary artery damage. Currently, the main method of 
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treatment is a combination of intravenous immunoglobulin and aspirin, which has been shown to 

have positive effects on treated individuals. However, there are recent studies that have indicated 

that high-dosage aspirin is not beneficial and should not be included in treatment plans as well. 

Some complications with IVIG included IVIG resistance in individuals. This is currently being 

researched and so far has been found to been decreased with the incorporation of corticosteroids. 

Therefore, with the further development of experiments and research of Kawasaki Disease, better 

treatment plans and enhanced knowledge will alter the lives of children throughout the world by 

decreasing the number of coronary artery lesions and acquired cardiovascular disease.   
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