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Abstract

Aim: Bacille Calmette-Guérin (BCG) vaccine (BCG) has been suggested to induce the primary
immunity needed for the subsequent Kawasaki disease (KD). We studied the epidemiology of KD
before and after the universal BCG vaccination ended in Finland in September 2006.
Methods: KD cases were retrieved from national health registries from 1996-2016 for annual
incidence rates. We then compared 612433 children born in the BCG vaccination era, from 1
January 1996 to 30 August 2006, to 604163 born after BCG era, from 1 September 2006 to 31
December 2016.

Results: The annual incidence rates did not change after the BCG vaccination stopped. We
found 370 first visits for KD by children born in the BCG era and 341 after universal BCG
vaccination ended. The mean age at diagnosis increased from 2.6 years to 3.0 years (95% CI -
0.64 to -0.012, p=0.04) and the proportion of children with Kawasaki disease under five years
decreased from 87% to 81% (95% Cl 1%-12%, p=0.02).

Conclusion: Discontinuing the universal BCG vaccination programme did not change the
incidence rates of KD. The increased age at diagnosis could suggest that the pathogenesis of KD

may be associated with the immunological pathways primed by BCG immunisation.

Keywords: Aetiology, Bacille Calmette-Guérin vaccine, epidemiology, immunisation, Kawasaki
disease

KEY NOTES

o We studied the epidemiology of Kawasaki disease before and after the universal Bacille
Calmette-Guérin (BCG) vaccination ended in Finland in September 2006 using national
health registry entries for 711 children.

¢ Discontinuing the universal BCG vaccination programme did not change the incidence
rates of Kawasaki disease.

e However, the mean age at diagnosis increased, which could suggest that the
pathogenesis of Kawasaki disease may be associated with the immunological pathways
primed by BCG immunisation.

INTRODUCTION

Kawasaki is a systemic vasculitis disease that mainly affects children under five years of age

(1,2). The incidence is slowly increasing in many countries (3-7), probably because of better
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awareness among paediatricians. Its aetiology remains unknown and this means that specific
diagnostic tests and prevention methods are lacking (1,8). This may lead to a delay in diagnosis

and thus increase the possibility of severe complications, such as coronary artery aneurysms (8).

Bacille Calmette-Guérin (BCG) vaccination protects children from Mycobacterium tuberculosis
and environmental mycobacterial infections (2,9,10). One of the earliest signs of Kawasaki
disease in children who have received a BCG vaccination is reactivity at the vaccination site
(2,11). Interestingly, one animal model study showed that BCG vaccinations induced the onset of
symptoms that were similar to Kawasaki disease in mice (12). Furthermore, it has been
suggested that common microbes that are immunogenically related to BCG, such as other
environmental mycobacteria, may induce immunological reactions and trigger Kawasaki disease
(13). Therefore, BCG might induce the primary immunity needed for the subsequent Kawasaki
disease immune reactions stimulated by other environmental mycobacteria (13). However, limited

data are available on any connections between BCG and Kawasaki disease in humans.

When the universal BCG vaccination of newborn infants came to an end in Finland on 1
September 2006 (9,10,14) we hypothesised that this could change the epidemiology of Kawasaki
disease, given that BCG vaccination may play a role in the pathogenesis of Kawasaki disease.
We therefore set out to study the epidemiology of Kawasaki disease for a number of years before

and after universal BCG vaccination ended in Finland.
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PATIENTS AND METHODS

Study design

We conducted a register-based, nationwide study on the epidemiology of Kawasaki disease in
Finland from 1996-2016, which covered the periods before and after the discontinuation of
universal BCG vaccination on 1 September 2006. First, we calculated the annual incidence rates
and incidence rates for five-year periods. Then, we compared the epidemiology of Kawasaki
disease in two birth cohorts in Finland. The first was 612433 children born between 1 January
1996 and 31 August 2006, in the BCG vaccination era. The second was 604163 children born
between 1 September 2006 and 31 December 2016, after vaccination ended. We identified
children under 16 years of age with Kawasaki disease during the study period from the Finnish
Care Register for Health Care. Our research was approved by the Review Board of the National
Institute for Health and Welfare, Helsinki, Finland (decision number THL/875/5.05.00/2017).

Registers

The Finnish Care Register for Health Care is maintained by the National Institute for Health and
Welfare, Helsinki, and includes data on patients discharged from inpatient care. It also provides
additional information from healthcare centres and outpatient care. We identified all patients aged
0-16 years with Kawasaki disease, using the International Classification of Diseases , 10
revision diagnosis code M30.3. The data contained in the register included the patient’s name,
the personal identity number used in all databases throughout the country, the date of onset of
the disease, the date of diagnosis and the hospital or healthcare district where the patient was

treated.

Statistics Finland maintains a register that consists of population data for the whole of Finland
and we used the number of children born from 1996 to 2016 to calculate the annual incidence

rates of Kawasaki disease in Finland.

We evaluated the diagnostic criteria for Kawasaki disease at Oulu University Hospital over the
period of 1996-2016, going through the medical records of paediatric patients diagnosed with

Kawasaki disease.

Statistical analyses
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The child’s first Kawasaki disease visit was identified and subsequent or duplicate visits were
excluded. Annual numbers of Kawasaki disease cases were calculated. The annual incidence
rates with a 95% confidence interval (95% CI) were calculated for all children in Finland. We then
carried out separate calculations for children younger than five years. We also calculated the
incidence rates for four longer time periods so that we could carry out comparisons that
minimised the impact of annual epidemiological fluctuations. These were: 1 January 1996 to 31
December 2000 and 1 January 2001 to 30 August 2006, during the vaccination era, and 1
September 2006 to 31 December 2011 and 1 January 2012 to 31 December 2016, when
vaccination had stopped. The epidemiology of Kawasaki disease was compared between the two
birth cohorts born before (1January 1996 to 30 August 2006) and after (1 September 2006 to 31
December 2016) the end of universal BCG vaccination. The mean ages at the onset of Kawasaki
disease were compared and the statistical significance of the difference was tested using the
Student’s t-test. The normal standard deviation test was used to compare the difference between
the two proportions. The statistical analyses were performed using IBM SPSS Statistics 25 (IBM
Corp, New York, USA) and StatsDirect statistical software 3 (StatsDirect Ltd, Merseyside,
England).

RESULTS

We identified 5676 Kawasaki disease patients with the M30.3 diagnosis code from 1 January
1996 to 31 December 2016. After excluding 589 duplicates and 3932 follow-up visits, there were
1155 patients with a first visit for Kawasaki disease (Figure 1). Children under five years had
higher annual incidence rates than older children aged 5-16 years: 6.7 to 17.9 per 100 000
(Figure 2) versus 0.8 to 5.3 per 100 000.

The annual incidence rates of Kawasaki disease did not change before and after the
discontinuation of the universal BCG vaccination (Table 1). In addition to annual incidence rates
(Table 1), we calculated the occurrence of Kawasaki disease for longer time periods and these
are presented as rates per 100 000 and 95% Cls. There were 215 children aged 0-15 years from
1 January 1996 to 31 December 2000 (21.1, 95% CI 18.4 - 24.1), 300 from 1 January 2001 to 30
August 2006 (30.5, 95% CI 27.2 - 34.2), 336 from 1 September 2006 to 31 December 2011 (35.1,
95% CI 31.5 - 39.1) and 304 from | January 2012 to 31 December 2016 (31.9, 28.4 to 35.7).
When we looked at children under the age of five for the same periods there were 144 (47.2, 95%
Cl1 39.8 - 55.5), 198 (69.5, 95% CI1 60.2 - 79.9), 207 (69.6, 95% CI1 60.5 -0 79.8) and 166 (55.7,
47.6 - 64.9), respectively.
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We compared the mean age at onset of the disease in the two birth cohorts: 612 433 children
born between 1 January 1996 and 31 August 2006, during universal BCG vaccination, and 604
163 born between 1 September 2006 and 31 December 2016, after universal BCG vaccination
ceased (Figure 3). There were 370 with Kawasaki disease patients in the first cohort and 341 in
the second. The mean age at the onset of Kawasaki disease was higher in the post BCG
vaccination cohort, 3.0 (SD 2.2), than during the vaccination era, 2.6 (SD 2.0) (95% CI -0.64 to -
0.012, p=0.04). We then looked at children who were younger than five years at the time of
diagnosis and found that 323/370 children (87%) had Kawasaki disease in the first cohort and
there were 276/341 (81%) in second cohort. The difference was 6% (95% CIl 1%-12%, p=0.02)
(Figure 3).

We were able to review 93 of the original medical records and this showed that 76 patients (82%)

met the fever criterion and at least four of the other principal clinical criteria for Kawasaki disease.
DISCUSSION

Discontinuing universal BCG vaccination in Finland did not change the overall incidence rates of
Kawasaki disease in this register-based, nationwide study covering 1996-2016. Children
diagnosed with Kawasaki disease after the end of universal BCG vaccination tended to be slightly

older than children in the vaccination era.

The aetiology and pathogenesis of the Kawasaki disease should be better understood if we are to
develop effective methods for preventing it. In animal models, BCG vaccination primes immunity
until Kawasaki disease-like disease is induced later by microbes related immunogenically to
BCG, for example environmental mycobacteria (12,13). Our results show that the cancellation of
the universal BCG vaccination program resulted in a shift towards older age at diagnosis. Our
epidemiological data thus suggest that BCG vaccination may have primed the immunological
pathways in children as well, resulting in the earlier occurrence of KD earlier in children who had
received BCG vaccination. This suggests that BCG immunisation may be one of the primers of
the immune system before a later cross-reactive immune response leads to Kawasaki disease in

some children.

Several microbial agents are thought to be involved in the pathogenesis of Kawasaki disease
(15). For example, earlier studies, have suggested Yersinia, Staphylococcus and Streptococcus
as possible triggers for Kawasaki disease (13,16). A viral aetiology could also be involved in the

pathogenesis of Kawasaki disease (17). This would explain the seasonality of the disease
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(15,18,19), with the highest peaks in winter in many countries and the lowest occurrence usually
in autumn (18,20). Regional differences in Kawasaki disease seasonality could indicate that the
microbial triggers of Kawasaki disease have different epidemiological patterns in different
countries (18,20). The nationwide epidemics reported especially in Japan and Finland in the
1980s, suggest that epidemic microbial agents are triggers for Kawasaki disease (20,21). In our
study, we observed marked year-to-year fluctuations, with the highest annual incidence rates for
Kawasaki disease in 2005 and 2015. Furthermore, genetics is believed to have an effect on the
development of this disease, as it is more common in Asian populations, especially in Japan
(8,17,20). Host susceptibility is supported by the much higher risk of Kawasaki disease if a sibling
or parent has had Kawasaki disease (17,20). This could suggest that microbial antigens act as

triggers in genetically susceptible children and lead to the onset of Kawasaki disease (20).

The strength of this study was that we were able to collect comprehensive nationwide data from
high-quality national registers for more than 20 years, covering periods before and after the
cessation of universal BCG vaccination in 2006. Our study was based on earlier reports of a role
for BCG in priming immunity in Kawasaki disease in animal models and the well-known reaction
of the BCG immunisation site in children with Kawasaki disease. The main limitation of our study
was that, due to the register-based study design, we were not able to analyse any individual data
concerning environmental or medical factors. For example, not all children received the BCG

vaccine before 2006 and risk groups were still immunised after 2006.
CONCLUSION

This nationwide register-based study covering more than 20 years of the epidemiology of
Kawasaki disease in Finland showed that the incidence rates did not change during the
immunisation period and after vaccination had ceased. However, there was a slightly older age at
diagnosis after universal BCG vaccination was discontinued. This suggests that BCG
immunisation may be one of the primers of the immune system before a later cross-reactive

immune response leads to Kawasaki disease in some children.
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Table 1 Annual incidence rates, with 95% confidence intervals, of Kawasaki disease per 100 000
persons younger than 16 years and in children younger than five years in 1996-2016. Universal

BCG immunisation was stopped on September 1, 2006.

Year Incidence 95 % CI Incidence 95% ClI
<16 years <5 years

1996 3.3 24t04.7 9.1 6.1t0 13.0
1997 3.2 22t04.5 6.7 4.2t010.3
1998 4.8 3.6t06.4 7.2 4.5t010.9
1999 4.8 3.5t06.3 11.8 8.2t0 16.4
2000 5.0 3.7t06.6 12.7 8.9t017.5
2001 5.7 43t07.4 12.2 8.5t017.0
2002 4.5 3.2t06.0 8.5 5.41t012.6
2003 4.2 3.0t0 5.6 8.5 5.41t012.6
2004 5.1 3.8t06.7 13.7 9.8t0 18.8
2005 7.4 5.8109.3 17.7 13.2t0 23.3
2006* 5.5 41t07.2 12.5 8.8t017.3
2007 6.9 5.3t08.7 14.4 10.4 to 19.5
2008 7.1 551t09.0 13.9 10.0 to 18.9
2009 7.8 6.1t09.7 16.8 12.4 to 22.1
2010 5.7 43t07.4 10.9 7.5t015.4
2011 6.0 45t07.8 9.9 6.7 to 14.1
2012 5.5 41t07.2 9.9 6.7 to 14.1
2013 5.0 3.7t06.7 8.3 5.3t012.2
2014 6.0 45t07.7 9.7 6.5t0 13.9
2015 8.9 7.1t011.0 17.2 12.7 t0 22.6
2016 6.5 5.0t0 8.3 11.1 7.6t015.7

* Universal BCG immunisation program stopped.
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FIGURE LEGENDS
Figure 1. Study design.

Figure 2. Annual incidences of Kawasaki disease per 100 000 children under five years of age
(A) and under 16 years (B) from 1996 to 2016. The solid line indicates the annual incidence rates

and the grey bars the number of annual cases.

Figure 3. Age at the diagnosis of Kawasaki disease in two birth cohorts: In children born in the

BCG immunisation era and in children born after the cessation of universal BCG vaccination.
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