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INTRODUCTION
Kawasaki disease (KD) is one of the most common vasculitides 
of childhood, primarily affecting children younger than five 
years of age.(1) Prompt recognition and treatment is crucial due 
to the time-sensitive risk of developing cardiac sequelae, such as 
coronary aneurysms in up to 15%–25% of untreated children.(2) 
This may further result in myocardial infarction, ischaemic heart 
disease or sudden death.(3,4)

KD is a clinical diagnosis. In the American Heart Association 
(AHA) scientific statement (2004), this was defined as the 
presence of ≥ 5 days of fever and ≥ 4 of five principle clinical 
features (i.e. bilateral nonexudative conjunctivitis, erythema 
of the lips and oral mucosa, changes in the extremities, rash 
and cervical lymphadenopathy).(5) Alternatively, patients with 
≥ 5 days of fever and < 4 of the aforementioned symptoms can 
be diagnosed when coronary artery disease is detected by two-
dimensional echocardiography or coronary angiography. The 
AHA also advises that the diagnosis can be made in the presence 
of ≥ 4 principle criteria, and should be strongly considered in a 
young child with unexplained fever for ≥ 5 days and any of the 
principle clinical features. The diagnosis of KD can only be made 
on exclusion of other diagnoses.

The AHA guidelines recognise that not all clinical features 
present simultaneously and watchful waiting is often necessary 
before a diagnosis of KD can be made.(5) Currently, two diagnostic 
guidelines exist for this entity known as incomplete KD. According 
to Ayusawa et al,(6) a diagnosis of incomplete KD is made 
with four principle signs and the presence of coronary artery 

aneurysm. A Committee of Experts under the AHA proposed for 
incomplete KD to be considered in children with unexplained 
fever for ≥ 5 days associated with two or three of the principle 
features in the AHA criteria. They also advised a high index of 
suspicion for KD in infants aged less than six months presenting 
with unexplained fever of ≥ 7 days, with laboratory evidence of 
systemic inflammation.(5)

Both guidelines recognise erythema and induration at the 
Bacillus Calmette-Guérin (BCG) inoculation site to be a significant 
non-cardiac feature of KD.(5,6) It was first highlighted in the 
Japanese literature as a specific and early sign of KD,(7) and has 
been well established as a useful tool for enhancing the diagnosis 
of incomplete KD, predominantly in countries with a national 
BCG vaccination programme.(8-10)

A recent Taiwanese study in 2016 characterised and graded 
the reaction at the BCG site in KD via dermatoscopy.(11) It 
identified bull’s-eye pattern under dermatoscopy as a good 
clinical clue for systemic involvement, i.e. abnormal elevation 
of liver enzymes and cardiac complications (dilatation of the 
coronary arteries). However, there remains a distinct lack of 
established data detailing the specificity of changes at the BCG 
site to KD and its significance in evaluating the severity of disease.

Through our study, we hoped to evaluate the specificity 
of erythema and induration at the BCG inoculation site for the 
diagnosis of KD and to quantify the presence of this BCG reaction 
in KD and other febrile illnesses.
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INTRODUCTION Kawasaki disease (KD) is a challenging diagnosis. Erythema and induration of the Bacillus Calmette-Guérin 
(BCG) site is increasingly recognised as a significant clinical clue. However, there is little data to support its specificity for 
KD as compared to other febrile illnesses. We aimed to evaluate BCG reaction or induration as a diagnostic tool for KD.
METHODS A retrospective case-controlled study of patients discharged with a diagnosis of KD from 2007 to 2010 was 
conducted. Another group of patients admitted over the same period for possible KD, but later found not to have KD, 
served as control.
RESULTS Significantly more infants with KD (69.7%) had BCG site changes than older children (27.8%; p < 0.001). It 
also presented earlier in the course of KD; < 5 days (53.3%) compared to ≥ 5 days of fever (30.0%; p < 0.001). Positive 
predictive value of BCG site reaction or induration for KD was 90.8% (95% confidence interval [CI] 0.819–0.962) for 
infants and 96.2% (95% CI 0.868–0.995) for older children. The prevalence rate of changes at the BCG site was 9.9% 
among patients with non-KD febrile illnesses and 42.6% among patients with KD.
CONCLUSION BCG site reaction or induration is a useful clinical clue for the diagnosis of KD in both infants and older 
children, with a higher prevalence in infants. Physicians should consider KD in children with febrile illness and redness or 
crust formation at the BCG site, especially in view of low rates of BCG reaction or induration in non-KD febrile illnesses.
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METHODS
We conducted a retrospective case-control study involving 
patients admitted to KK Women’s and Children’s Hospital, 
Singapore, from the children’s emergency between April 2007 
and December 2010, who were then discharged from the ward 
with a diagnosis of KD. Control patients, or patients with non-KD 
febrile illnesses, were a separate group of patients admitted from 
the children’s emergency with suspected KD during the same 
period, who were later discharged from the ward with a final 
diagnosis that was not KD.

Patients were assessed by emergency physicians in the 
children’s emergency and re-evaluated by paediatricians in the 
ward. In the children’s emergency, suspicion of KD was based 
on the constellation of clinical features present at the time of 
admission. In the ward, diagnosis by paediatricians was made 
based on the presence of the AHA clinical criteria or other features 
described in the literature, response to treatment with intravenous 
immunoglobulin or presence of suggestive echocardiography 
findings. The diagnosis of incomplete or atypical KD was made 
if the patient did not fully fulfil the AHA criteria for KD, but was 
treated as KD with intravenous immunoglobulin (based on the 
ward paediatrician’s clinical decision) and showed response to 
treatment. The absence of KD in the control group was determined 
by the ward physician through the evolution of clinical features 
that later were not suggestive of KD or the response to other 
treatment (e.g. symptomatic treatment or antibiotics).

Following identification of patients, data was abstracted 
for the presence of the AHA clinical features, other suggestive 
features that have been described in the literature (e.g. erythema 
and induration of BCG inoculation site, irritability) and two-
dimensional echocardiography findings (if performed as 
inpatient).

Patients were identified through the Outpatient Electronic 
Clinical system and data was collected simultaneously by two 
co-authors based on a pre-established variable definition glossary 
to ensure accuracy of data abstraction. Data was de-identified 
(patient name and National Registration Identity Number replaced 
with patient number) before being released to the biostatistician 
for analysis.

Statistical analyses were performed using SAS 9.2 (SAS©, 
Carey, NC, USA). Statistical significance was set at p < 0.05. 
Wilcoxon rank-sum tests were used to compare continuous 
variables between the two patient groups. Chi-square and Fisher’s 
exact tests were used to compare proportions, where appropriate.

For demographic data, age, gender and ethnicity were 
summarised and presented as mean ± standard deviation or 
count (%) by KD status (overall, true KD and control) and age 
(overall, infants [age < 1 year] and older children [age ≥ 1 year]), 
and compared between KD and control groups by age group.

Further analysis was performed for significant epidemiological 
characteristics of patients with KD with erythema and induration 
of the BCG inoculation site in the ward according to age, gender, 
ethnicity, duration of fever and presence of other classic features 
of KD. The prevalence of the aforementioned characteristics was 
presented as count (%), and then compared between patients 

with erythema and induration of the BCG inoculation site and 
those without.

RESULTS
In total, 661 patients were deemed eligible based on the above 
criteria and included in the analysis. Among these, 420 (63.5%) 
patients had KD, while 241 (36.5%) were patients with non-KD 
febrile illnesses or controls. There was a preponderance of male 
(62.6%) patients. Ethnically, Chinese (77.3%) patients comprised 
the highest proportion, followed by patients of Malay (12.3%), 
and Indian and other ethnicities (10.5%). The overall mean age 
was 2.2 ± 2.4 years while median age was 1 (interquartile range 
[IQR] 0–3) years. Both patient and control groups had similar 
demographics (Table I).

A discharge diagnosis of KD was seen for 139/176 (79.0%) 
infants and 281/485 (57.9%) older children. The mean age of 
older children with KD was significantly lower than that of control 
patients (2.4 ± 1.7 years vs. 3.8 ± 2.7 years; p < 0.0001).

In the ward, 121/176 (68.8%) infants and 249/485 (51.3%) 
older children were checked for erythema and induration of the 
BCG inoculation site (Table II). Overall, 279/420 (66.4%) patients 
with KD were checked for BCG site reaction or induration. Among 
the 279 patients with KD who were checked, 119 (42.7%) patients 
had BCG reaction or induration. Meanwhile, 91/241 (37.8%) 
patients with non-KD diagnoses were checked for BCG site 
changes, out of which 9 (9.9%) patients were found to have 
erythema or induration of the BCG inoculation site (Fig. 1). Among 
these 91 patients with non-KD diagnoses, their diagnoses were 
viral fever, viral conjunctivitis, viral exanthem, measles and upper 
respiratory tract infection.

In our study, 69.7% of infants with KD were found to have 
erythema and induration of the BCG inoculation site when 
compared to 27.8% of older children with KD (p < 0.001; 
Table III). In addition, this clinical sign was found to present 
early in 53.3% of patients with KD in the course of febrile illness 
(i.e. within 1–4 days) when compared to 30.0% of patients with 
KD who presented with ≥ 5 days of fever (p < 0.001). There was 
no significant association between BCG site reaction or induration 
and ethnicity, gender or the number of clinical features of KD 
(based on the AHA criteria) present.

Among those checked for BCG site reaction or induration, 
we found low rates of BCG site reaction or induration in patients 
with non-KD febrile illnesses (9.9%) when compared to patients 
with KD (42.6%) (Table IV). Among patients with non-KD febrile 
illnesses, nine were found to have erythema or induration of the 
BCG inoculation site, of which seven were infants. In this group, 
three patients were diagnosed with viral conjunctivitis, three 
patients with viral fever, and the rest were diagnosed with viral 
exanthem, upper respiratory tract infection and measles.

Erythema and induration of the BCG inoculation site was 
a significant predictor for KD (Table V). The positive predictive 
value of BCG reaction or induration for KD was 0.908 (95% 
confidence interval [CI] 0.819–0.962) for infants and 0.962 (95% 
CI 0.868–0.995) for older children. Erythema and induration of 
the BCG inoculation site was also found to be significantly more 
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specific for KD in older children than in infants, with specificities 
of 0.971 (95% CI 0.900–0.997) and 0.682 (95% CI 0.451–0.864), 
respectively.

DISCUSSION
Among patients with KD, erythema and induration of the BCG 
inoculation site has been well reported as a common finding in 

countries with a national BCG vaccination programme, especially 
for the infant population. Our study reiterated that BCG reaction 
or induration is more common among infants with KD (69.7%). 
It was also more prevalent than other clinical features, such as 
cervical lymphadenopathy or changes in the extremities in the 
infant population. These findings are consistent with those of the 
study by Uehara et al in 2010 in Japan,(12) which found erythema 
and induration of the BCG inoculation site in 70% of patients 
with KD aged 3–20 months. They also reported that among 
patients aged two years or less with complete KD, redness or 
crust formation at the BCG inoculation site was more prevalent 
than cervical lymphadenopathy.

We found the BCG site reaction or induration to be more 
commonly observed 1–4 days after the onset of fever in patients 
with KD. This relationship between the day of disease onset and 
appearance of erythema and induration of the BCG inoculation 
site was also previously reported by Uehara et al(12) and  
Hsu et al.(13)

Significantly, we observed low rates of BCG site reaction 
or induration among patients with non-KD febrile illnesses.  
Of the 128 patients found to have erythema and induration of the 
BCG inoculation site, nine had a final diagnosis that was not KD 

Table I. Comparison of demographics between patients with KD 
and non‑KD febrile illnesses (n = 661).

Characteristic No. of patients (%) p‑value  
(KD vs. 
non‑KD)

Overall Patients  
with KD

Control 
patients*

Total (n = 661)

Age (yr)

Mean ± SD 2.2 ± 2.4 1.6 ± 1.8 3.2 ± 2.8

Median  
(IQR)

1  
(0–3)

1  
(0–2)

2  
(1–4)

Gender

Female 247 (37.4) 160 (38.1) 87 (36.1)

Male 414 (62.6) 260 (61.9) 154 (63.9)

Ethnicity

Chinese 511 (77.3) 340 (81.0) 171 (71.0)

Malay 81 (12.3) 42 (10.0) 39 (16.2)

Indian 21 (3.2) 9 (2.1) 12 (5.0)

Other 48 (7.3) 29 (6.9) 19 (7.9)

Infants (n = 176)

Age (yr) < 0.0001

Mean ± SD 0.005 ± 0.05 0 ± 0 0.02 ± 0.10

Median  
(IQR)

0  
(0–0)

0  
(0–0)

0  
(0–0)

Gender 0.698

Female 58 (33.0) 47 (33.8) 11 (29.7)

Male 118 (67.0) 92 (66.2) 26 (70.3)

Ethnicity 0.010

Chinese 145 (82.4) 120 (86.3) 25 (67.6)

Malay 19 (10.8) 10 (7.2) 9 (24.3)

Indian 0 (0) 0 (0) 0 (0)

Other 12 (6.8) 9 (6.5) 3 (8.1)

Older children (n = 485)

Age (yr) < 0.0001

Mean ± SD 3.0 ± 2.3 2.4 ± 1.7 3.8 ± 2.7

Median  
(IQR)

2  
(1–4)

2  
(1–3)

3  
(2–5)

Gender 0.572

Female 189 (39.0) 113 (40.2) 76 (37.3)

Male 296 (61.0) 168 (59.8) 128 (62.7)

Ethnicity 0.283

Chinese 366 (75.5) 220 (78.3) 146 (71.6)

Malay 62 (12.8) 32 (11.4) 30 (14.7)

Indian 21 (4.3) 9 (3.2) 12 (5.9)

Other 36 (7.4) 20 (7.1) 16 (7.8)

*Patients with non-KD febrile illnesses. IQR: interquartile range; KD: Kawasaki 
disease; SD: standard deviation

Table II. Checking rates of erythema and induration of the BCG 
inoculation site.

Variable No. (%)

Infants  
(n = 176)

Older children  
(n = 485)

First children’s emergency visit 62 (35.2) 150 (30.9)

All children’s emergency visits 81 (46.0) 166 (34.2)

Ward 121 (68.8) 249 (51.3)

BCG: Bacillus Calmette-Guérin 

Total
n = 661

Infants
n = 69

Older children
n = 50

Older children
n = 2

Infants
n = 7

Controls
n = 241

True KD
n = 420

91 were checked
for BCG site

changes

279 were
checked for BCG

site changes 

Presence
n = 9

Presence
n = 119

Fig. 1 Flowchart shows analysis of patients with KD versus control patients 
with non-KD febrile illnesses. BCG: Bacillus Calmette-Guérin; KD: Kawasaki 
disease
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(control group: 9.9%; patients with KD: 42.6%). Among previous 
studies on febrile illnesses that were not KD, we found only one 
case report that described an 11-month-old infant with erythema 
of the BCG inoculation site due to infection with human herpes 
virus 6.(14) It has been hypothesised that the T-cell system has 
a significant role in facilitating vascular endothelial cell injury 
in KD.(15-17) A recent Taiwanese study in 2016 has attempted to 
better characterise these changes via dermatoscopy,(11) but further 
prospective studies of BCG site reactions (either quantified by 
dermatoscopy or histopathological examination) in patients with 
KD and other febrile illnesses would be useful to further evaluate 
this association and its significance.

Of note, seven out of nine patients with non-KD febrile 
illnesses with BCG site reaction or induration were infants. This 
paralleled our finding of erythema and induration of the BCG 
inoculation site to have a higher specificity in older children than 

infants. It is possible that older children possess a more exuberant 
response to vasculitis due to a more developed immune system, 
rendering an older child less likely to have KD in the absence of 
erythema and induration of the BCG inoculation site.

Despite a lower specificity of erythema and induration 
of the BCG inoculation site in infants, there remains a high 
positive predictive value for erythema and induration of the 
BCG inoculation site in this age group. This was consistent 
with the findings of previous studies by Uehara et al(12) and 
Hsieh et al.(18)

Notably, in our study, not all physicians documented the 
presence or absence of this BCG reaction or induration and we 
were unable to identify any preponderance for certain patients 
for comparison with others. In our study, among 176 infants 
who were identified, 121 (68.8%) patients were checked for the 
presence of erythema and induration of the BCG inoculation 

Table III. Epidemiological characteristics of patients with KD with erythema and induration of the BCG inoculation site in the ward (n = 279).

Characteristic No. of patients (%) p‑value

No erythema and induration 
of the BCG inoculation site

Erythema and induration 
of the BCG inoculation site

Age < 0.001

Infants (n = 99) 30 (30.3) 69 (69.7)

Older children (n = 180) 130 (72.2) 50 (27.8)

Gender 0.511

Female (n = 107) 64 (59.8) 43 (40.2)

Male (n = 172) 96 (55.8) 76 (44.2)

Ethnicity 0.216

Chinese (n = 231) 127 (55.0) 104 (45.0)

Malay (n = 28) 20 (71.4) 8 (28.6)

Indian (n = 6) 5 (83.3) 1 (16.7)

Other (n = 14) 8 (57.1) 6 (42.9)

Duration of fever < 0.001

< 5 days (n = 152) 71 (46.7) 81 (53.3)

≥ 5 days (n = 127) 89 (70.1) 38 (29.9)

Clinical features of KD (AHA criteria) 0.749

≥ 4 features (n = 125) 73 (58.4) 52 (41.6)

< 4 features (n = 154) 87 (56.5) 67 (43.5)

AHA: American Heart Association; BCG: Bacillus Calmette-Guérin; KD: Kawasaki disease

Table IV. Diagnoses of patients with erythema and induration of 
the BCG inoculation site (n = 128).

Diagnosis Final diagnosis in the ward No. of 
patients

KD (n = 119; 
42.6%*)

KD 91

Atypical/incomplete KD 28

Non-KD (n = 9; 9.9%†) Viral fever 3

Viral conjunctivitis 3

Viral exanthem 1

Measles 1

Upper respiratory tract infection 1

*119 out of total 279 patients with KD who were checked for BCG site erythema 
or inoculation. †9 out of total 91 control patients with non-KD febrile illnesses; 
BCG: Bacillus Calmette-Guérin; KD: Kawasaki disease

Table V. Diagnostic utility of erythema and induration of the BCG 
inoculation site in KD in the ward.

Variable Estimate (95% CI)

Infants  
(n = 121)

Older children  
(n = 249)

Sensitivity 0.697  
(0.597–0.785)

0.278  
(0.214–0.350)

Specificity 0.682  
(0.451–0.864)

0.971  
(0.900–0.997)

Positive predictive  
value

0.908  
(0.819–0.962)

0.962  
(0.868–0.995)

Negative predictive  
value

0.333  
(0.200–0.490)

0.340  
(0.274–0.411)

BCG: Bacillus Calmette-Guérin; CI: confidence interval; KD: Kawasaki disease
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site. Among the 485 older children identified, 249 (51.3%) 
patients were checked for this feature. Checking rates also 
differed for patients with KD and non-KD diagnoses; 66.4% of 
patients with KD and 37.8% of patients with non-KD febrile 
illnesses were checked for BCG site changes. Only those who 
were checked for it were included for further analysis to identify 
associated epidemiological features. This might have affected 
the high positive predictive values and relatively low negative 
predictive values found in our study. Nevertheless, this selective 
population may be a representative one, as our findings of the 
prevalence of BCG site reaction or induration compared well 
with the other AHA features of KD and the epidemiological 
associations of BCG site changes in KD were consistent with 
other pre-existing studies. Furthermore, suboptimal rates of 
looking for the presence or absence of BCG site changes reminds 
us of the fact that vigilance in looking out for this feature should 
be improved on.

In conclusion, our study highlighted erythema and induration 
of the BCG inoculation site as a specific clinical sign for KD, 
especially among children aged one year and above. We also 
illustrated low rates of BCG changes in febrile illnesses that were 
not KD. This reinforces the need to be vigilant when looking for 
erythema and/or induration at the BCG inoculation site in patients 
presenting with fever. A prompt diagnosis of KD will permit 
timely intervention, reducing the time-sensitive risk of coronary 
sequelae in these patients.
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