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Rheumatic Disease among Ethnic Groups, New Zealand

We describe trends in acute rheumatic fever (ARF), rheumatic heart disease (RHD), and RHD deaths among population groups in New Zealand. We analyzed initial primary
ARF and RHD hospitalizations during 2000–2018 and RHD
mortality rates during 2000–2016. We found elevated rates
of initial ARF hospitalizations for persons of Māori (adjusted
rate ratio [aRR] 11.8, 95% CI 10.0–14.0) and Pacific Island
(aRR 23.6, 95% CI 19.9–27.9) ethnicity compared with
persons of European/other ethnicity. We also noted higher
rates of initial RHD hospitalization for Māori (aRR 3.2, 95%
CI 2.9–3.5) and Pacific Island (aRR 4.6, 95% CI 4.2–5.1)
groups and RHD deaths among these groups (Māori aRR
12.3, 95% CI 10.3–14.6, and Pacific Island aRR 11.2, 95%
CI 9.1–13.8). Rates also were higher in socioeconomically
disadvantaged neighborhoods. To curb high rates of ARF
and RHD, New Zealand must address increasing social
and ethnic inequalities.

A

cute rheumatic fever (ARF) is a preventable multisystem inflammatory disease that develops in
<3% of persons with untreated group A Streptococcus
(GAS) pharyngitis (1,2). Recently, GAS skin infections
have been proposed to cause ARF, either directly or
in combination with GAS pharyngitis (3). The severe
sequela of ARF is rheumatic heart disease (RHD) with
regurgitation from the mitral valve, aortic valve, or
both. RHD is a serious condition that can lead to cardiac failure, stroke, and early death (4).
ARF and RHD remain major causes of illness and
death (5). In 2015, global prevalence of RHD was ≈34
million cases and ≈320,000 RHD-associated deaths
occurred (6). During the 20th century, improved living conditions resulted in dramatic declines in ARF
(7). The introduction of antimicrobial drugs in the
1950s and 1960s further reduced the burden of disease and ushered in an effective treatment for GAS
pharyngitis (8,9). Although now rare in high-income
countries, ARF and RHD continue to affect populations in economically disadvantaged areas (10) and
epidemic outbreaks occur in populations that are
separated geographically (11,12).
The incidence of RHD is highest in Oceania,
South Asia, and central sub-Saharan Africa (6). However, some of the highest reported ARF rates are
among indigenous and Pacific Islander populations
in Australia and New Zealand (13). The incidence
rate among indigenous children in Australia in the
peak age group, 5–14 years, is 245–351 cases/100,000
population (14), but in New Zealand, ARF almost exclusively affects indigenous Māori and Pacific Island
children living in socioeconomically deprived areas
of the North Island (15,16). During 2017–2018, the rate
of initial ARF hospitalizations among Māori children
5–14 years of age was 25 cases/100,000 population;

among Pacific Island children, the rate was 81 cases/100,000 population (17).
Population-level burden estimates rarely are reported in international literature, partially because of
challenges with diagnosing both ARF and RHD and a
lack of high-quality surveillance systems for monitoring these conditions. ARF is notifiable to public health
authorities in New Zealand, but RHD is not. In addition, historically there has been national undernotification of ARF cases (18). Consequently, coded hospitalization data, which are based on the coding system
of the International Classification of Diseases (ICD),
9th Revision (ICD-9) and 10th Revision (ICD-10),
provide the most comprehensive base for describing
ARF and RHD incidence and distribution.
We assessed trends in the incidence of ARF, the
frequency of initial hospitalizations for RHD, and
RHD mortality rates in New Zealand during 2000–
2018. In addition, we assessed the extent to which
these conditions are concentrated in specific population groups, based on age, ethnicity, sex, socioeconomic deprivation, and geographic location.
Methods
Data Sources

In New Zealand, we can use National Health Index
(NHI) numbers (19) to identify cases in health data
and link information across datasets. We conducted a
descriptive epidemiologic study that linked encrypted NHI numbers to ARF and RHD hospital discharge
data in New Zealand from 2000 through 2018. To
identify cases of initial ARF and recurrent ARF, we
used hospital discharge data coded with the ICD in
the National Minimum Dataset (20), which includes
information on all publicly funded hospitalizations in
New Zealand.
We defined initial cases as a patient’s first known
hospitalization for ARF, which had ICD-10 codes I00,
I01, or I02 recorded as their principal diagnosis. We
excluded cases in persons who had a previous admission for ARF (ICD-9 codes 390–392) or RHD (ICD-9
codes 393–398) as principal or additional diagnoses
since 1988 when the records began. We defined recurrences as all readmissions with ARF as principal
diagnosis that occurred >180 days after a previous
ARF discharge.
We defined initial RHD cases as a patient’s first
hospitalization with a principal diagnosis of RHD
(ICD-10 codes I05, I06, I07, I09, or I09) and no previous admission for RHD as principal or additional
diagnoses since 1988. We defined RHD death as the
underlying cause of death (ICD-10 codes I05, I06,
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I07, I08, or I09) as recorded in the National Mortality
Collection (21).
We excluded all non–New Zealand residents
from these analyses because they are not part of the
usual New Zealand population. We used the New
Zealand Deprivation Index (NZDep13) to assess socioeconomic deprivation (22). NZDep13 is an areabased measure of socioeconomic deprivation based
on 9 variables from the 2013 census. Decile 10 represents areas considered the most socioeconomically
deprived, and decile 1 represents areas with the least
deprivation scores. In this article, when we describe
the epidemiology of ARF and RHD, we generally are
referring to initial ARF or RHD hospitalizations.
Statistical Analysis

ARF and RHD data were used to calculate the frequencies, rates, rate ratios (RRs), adjusted rate ratios (aRRs), and 95% CIs across selected population
groups. To look for time trends, we split the observation into 2 periods: 2000–2009 and 2010–2018 or
2010–2016 for RHD deaths, the timeframe for which
mortality data are available. We examined rates of
ARF and RHD in relation to characteristics including age, sex, ethnicity, and the district health board
(DHB) in which cases occurred. We used DHBs for
geographic analysis because they represent the patient’s place of residence. We calculated rates and
RRs for ARF for persons <30 years of age because
this group accounts for 93.4% of the disease burden. For RHD and RHD mortality, we restricted
rates and RRs to persons <70 years of age because
the ICD codes are considered to be less specific for
RHD in older populations; for example, ICD-10
code I08 includes nonrheumatic heart disease, such
as age-related degenerative valvular heart disease
that can result in nonrheumatic aortic and mitral
valve dysfunction.
We used Poisson regression to calculate RR and
95% CI adjusting for age, sex, ethnicity, and socioeconomic deprivation. We also reported RR by using a
defined reference rate from 2000–2009. We used linear regression to examine trends in initial ARF and
RHD primary hospitalization rates across most variables. We used the test for trend to evaluate trends
over time and considered p<0.05 statistically significant. We performed data analysis by using Excel (Microsoft, https://www.microsoft.com) and SAS 9.4
(SAS Institute, Inc., https://www.sas.com).
Denominator population data were population estimates, calculated from linear interpolation
of national census data (23). The population of New
Zealand at the start of the study was 3.9 million and
38

increased to 4.9 million in 2018. The analysis used the
prioritized ethnicity categorizations, which is consistent with national Ministry of Health ethnicity data
protocols (24). Ethnic groups included in the analysis
were Māori, who make up 16.5% of New Zealand’s total population; Pacific Islander (8.1%); Asian (15.1%);
and European/other (70.2%). The major Pacific
groups in New Zealand are Samoan, Tongan, Cook
Island Māori, and Niuean. The major Asian groups
are Chinese, Indian, Filipino, and Korean.
Ethics

The University of Otago Human Research Ethics
Committee granted ethical approval for this study
(approval no. HD19/033). The Ngāi Tahu Research
Consultation Committee also consulted on the study.
Results
ARF Incidence Trends and Distribution

During 2000–2018, we noted 2,752 initial hospitalizations with ARF as the principal diagnosis, an average of 145 initial ARF hospitalizations per year.
Over the same period, 288 persons were rehospitalized with ARF as their principal diagnosis, an average of 15 recurrent cases per year and 9.5% of the
total ARF hospitalizations. Most (47.8%) recurrent
cases were among children 10–14 years of age. During 2000–2016, only 3 ARF deaths were recorded, so
we did not analyze this outcome further.
During 2000–2018, annual national initial ARF
hospitalization rates ranged from 2.2 to 4.5 cases/100,000 population, an average rate of 3.4 cases/100,000 population (Figure 1). Annual rates of
initial ARF hospitalization increased slightly over
the study period, but the increase was not statistically significant (p = 0.58). Annual rates of recurrent ARF hospitalizations ranged from 0.1 to 0.8
cases/100,000 population, an average rate of 0.4
cases/100,000 population. Annual rates of recurrent
ARF hospitalizations remained stable over time (p =
0.93 by test for trend).
During 2000–2018, most (93.4%) ARF cases occurred in persons <30 years of age, among whom
most (43.0%) children hospitalized with initial ARF
were 10–14 years of age, a rate of 20.6 cases/100,000
population (Figure 2). However, 92.6% of initial
ARF cases among persons <30 years of age were
among Māori or Pacific Islanders; Māori accounted
for 48.9% of cases and Pacific Islanders for 43.7%.
Pacific Islanders had the highest average initial
ARF hospitalization rates among persons <30 years
of age, 38.1 cases/100,000 population, and rates
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Figure 1. Annual rates of initial
and recurrent acute rheumatic
fever hospitalizations, New
Zealand, 2000–2018. ARF,
acute rheumatic fever.

among Māori were 16.8 cases/100,000 population
(Figure 3).
Initial ARF hospitalization rates peaked at 35.9
cases/100,000 population among Māori children 5–14
years of age and at 79.6 cases/100,000 population
for Pacific Island children. By comparison, rates for
European/other ethnicities were 1.6 cases/100,000
population. The net effect of the elevated rates among
Māori and Pacific Island children means that by age
20, the cumulative risk for hospitalized ARF is 1.2%
for Pacific Islanders, 0.5% of Māori, and 0.01% for
other ethnicities.
Patients with initial ARF hospitalizations were
more likely (aRR 5.2, 95% CI 4.0–6.8) to come from
the most socioeconomically deprived areas of the
country (NZDep 9–10). The most socioeconomically
disadvantaged neighborhoods had greater increases
in ARF hospitalizations over time. Independent of
socioeconomic deprivation, Pacific Islanders and
Māori <30 years of age had markedly higher rates
of initial ARF hospitalization than persons in other
ethnic groups (Table 1) and rates for Pacific Islanders
increased greatly over time (RR 1.3, 95% CI 1.2–1.5).
Rates of initial ARF hospitalizations increased for
persons <30 years of age from the 2000–2009 period to
the 2010–2018. Increases were statistically significant
for persons 15–19 and 20–29 years of age (p<0.05).
Rates of ARF vary throughout regions of New
Zealand. Counties Manukau, in South Auckland,
had the highest rate for initial ARF hospitalization
among persons <30 years of age (21.7 cases/100,000
population), but rates also were high in Northland
(17.4 cases/100,000 population). Over the study
period, the DHBs of Counties Manukau and the
Hutt Valley had statistically significant increases
in rates of initial ARF hospitalization (p<0.01) (Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/27/1/19-1791-App1.pdf).

RHD Incidence Trends and Distribution

During 2000–2018, a total of 12,094 hospitalizations
with a principal diagnosis of RHD were reported, an
average of 636 admissions per year. Of these, 5,109
persons were hospitalized with an initial RHD diagnosis, an annual average of 269 persons. During the
study period, national initial RHD hospitalization
rates ranged from 4.1 to 10.0 cases/100,000 population, an average incidence rate of 6.2 cases/100,000
population (Figure 4). Total rates of RHD hospitalizations as principal diagnosis, including initial and
repeat admissions, ranged 11.5 to 17.9 cases/100,000
population, an annual rate of 14.3 cases/100,000
population. The mean age of initial RHD hospitalization was 60 years, with a median age of 67 years.
We analyzed RHD cases according to sociodemographic characteristics for patients aged <70 years
(Table 2). We noted that initial RHD primary hospitalization rates increased over time at a statistically
significant level (RR 1.09, 95% CI 1.01–1.17; p = 0.03).
We found that risk for RHD is associated with
increasing age, Māori and Pacific Islander ethnicity, and socioeconomic deprivation. We also noted a
weak association for male over female sex. Rates are
markedly higher in some geographic areas (DHBs),
but most disappear after adjustment for other sociodemographic factors. Māori and Pacific Islanders
RHD rates rose markedly over the observation period
but RHD rates rose markedly over the observation period for children 0–9 years of age (p = 0.01) and 10–19
years of age (p<0.01) than for any other age groups.
The initial RHD primary hospitalization rate
for Pacific Islanders <70 years of age was 11.6 cases/100,000 population, and this group was 4.6 times
more likely to be hospitalized for RHD than persons
in the European/other group; Māori were 3.2 times
more likely to be hospitalized for RHD (Table 2). Over
the study period, rates of RHD rose at statistically
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significant levels among persons <70 years of age in
both Māori (p = 0.01) and Pacific Islander (p = 0.01)
populations. Geographically, Counties Manukau
DHB had the most cases of RHD and Tairawhiti DHB
had the highest rate for initial RHD hospitalizations
(Table 2; Appendix Table 1).
Over the study period, persons living in the
most socioeconomically deprived areas (NZDep
9–10) had the highest rates of initial hospitalization
with a principal diagnosis of RHD, 7.6 cases/100,000
population. The most socioeconomically deprived
areas (NZDep 9–10) experienced major increases in
initial RHD hospitalizations over the study period
(Table 2). Māori and Pacific Islanders living in the
most socioeconomically-deprived areas were much
more likely to be hospitalized with RHD (Māori aRR
10.58, 95% CI 8.88–12.61; Pacific Islander aRR 13.80,
95% CI 11.48–16.58) than European/other (aRR 3.33,
95% CI 2.76–4.01) or Asian (aRR 1.82, 95% CI 1.25–
2.64) populations living in the most socioeconomically deprived areas.
RHD Mortality Rates and Distribution

During 2000–2016, a total of 2,435 deaths were attributed to RHD, with an average of 143 deaths per
year and a rate of 3.4 deaths/100,000 population. The
highest rates for RHD coded as the underlying cause
of death occurred among persons 60–69 years of age.
We noted a 42.6% decline in RHD mortality rates
among persons <70 years of age from the 2000–2009
period to the 2010–2016 period.
RHD mortality rates for people <70 years varied according to sociodemographic characteristics (Table 3).
The risk for RHD death was most strongly associated

with increasing age, Māori and Pacific Islander ethnicity, and socioeconomic deprivation. Pacific Islanders <70
years of age had an average RHD mortality rate of 4.4
deaths/100,000 population and were more likely to die
from RHD than persons of European/other ethnicity
(aRR 11.2, 95% CI 9.1–13.8); Māori had an RHD mortality rate of 4.3 deaths/100,000 population and were also
more likely than European/other to die from RHD (aRR
12.3, 95% CI 10.3–14.6). Among RHD deaths, 73.8% were
persons of Māori and Pacific Islander ethnicity.
Although a decline in RHD mortality rates has occurred across all sociodemographic groups, it has been
least apparent among Pacific Islanders. The mean age
at RHD death for Māori was 59.2 years, for Pacific Islanders 55.2 years, for Asians 66.0 years, and for European/other ethnicities 80.0 years. RHD death was
associated with socioeconomic deprivation; persons
living in the most socioeconomically deprived areas
were more likely to die from RHD (aRR 3.3, 95% CI
2.3–4.3) than those in the least socioeconomically deprived areas. In addition, Māori living in high deprivation areas (NZDep9–10) were much more likely to
die from RHD (aRR 47.52, 95% CI 30.71–73.55), as were
Pacific Islanders (aRR 37.46, 95% CI 23.63–59.39). More
female (496) than male (394) persons died from RHD
over the study period, although this difference was not
statistically significant.
Trends in ARF and RHD by Age and Ethnicity

We assessed ARF and RHD hospitalizations and
RHD deaths by age and ethnic group during 2000–
2018 (Figure 5). Māori and Pacific Islander populations suffered the highest rates across all outcomes. In
addition, Māori and Pacific Islanders had higher rates
Figure 2. Incidence of initial acute
rheumatic fever hospitalizations by
age group and time period, New
Zealand, 2000–2018. ARF, acute
rheumatic fever.
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Figure 3. Incidence of
initial acute rheumatic fever
hospitalizations by major
ethnic group and time
period among persons <30
years of age, New Zealand,
2000–2018. ARF, acute
rheumatic fever.

of outcomes in younger age groups than European/
other or Asian populations.
Discussion
We provide a comprehensive overview of the epidemiology of ARF, RHD, and death from RHD in
New Zealand. Our study builds on previous reports
(15,25–28) that examine how the disease burden is

shifting and becoming more concentrated in specific
population groups.
The overall rate of ARF remained relatively constant during 2000–2018. A marked shift in the distribution demonstrated a major decrease in initial ARF
hospitalization rates in persons of European/other
ethnicity, but rates have not declined for Māori and
have continued to rise for Pacific Islanders. Most

Table 1. Acute rheumatic fever initial hospitalizations and adjusted rate ratios for patients <30 years of age, according to key
sociodemographic characteristics, New Zealand, 2000–2018*
Crude rate of ARF at initial
hospitalization/100,000
RR in 2010–2018 vs.
Category
No. cases
population
aRR (95% CI)
2000–2009 (95% CI)
Age†
<5
35
0.62
0.18 (0.13–0.25)
0.42 (0.20–0.88)
5–9
768
13.45
4.10 (3.57–4.70)
1.01 (0.88–1.17)
10–14
1,184
20.55
6.58 (5.77–7.51)
1.08 (0.96–1.21)
15–19
308
5.27
1.81 (1.54–2.13)
1.29 (1.03–1.62)
20–29
276
2.27
Referent
1.86 (1.45–2.38)
Sex‡
M
1,493
8.60
1.34 (1.24–1.45)
1.09 (0.99–1.21)
F
1,078
6.42
Referent
1.18 (1.05–1.33)
Ethnicity (prioritized)§
Māori
1,257
16.77
11.84 (10.02–13.98)
1.09 (0.98–1.22)
Pacific Islander
1,124
38.12
23.57 (19.88–27.94)
1.30 (1.16–1.47)
Asian
23
0.55
0.64 (0.41–0.99)
0.41 (0.18–0.98)
European and other
167
0.86
Referent
0.61 (0.44–0.84)
Socioeconomic deprivation level¶
1–2
61
1.06
Referent
0.63 (0.38–1.05)
3–4
128
2.16
1.65 (1.21–2.23)
0.85 (0.60–1.20)
5–6
160
2.51
1.60 (1.19–2.25)
0.91 (0.67–1.24)
7–8
405
5.57
2.58 (1.96–3.38)
1.31 (1.08–1.59)
9–10
1,817
20.58
5.21 (4.01–6.75)
1.16 (1.06–1.27)
District health board#
Northland
206
17.36
7.56 (4.39–13.02)
1.10 (0.84–1.45)
Counties Manukau, South Auckland
909
21.67
7.37 (4.32–12.53)
1.23 (1.08–1.41)
Tairawhiti, Gisborne
63
16.01
5.47(3.06–9.80)
1.45 (0.88–2.39)
South Island, 5 DHBs
67
0.91
Referent
1.21 (0.71–1.88)
Total
2,571
7.53
1.13 (1.04–1.22)

*An additional 181 (6.6% of total) cases occurred among persons >30 years of age during 2000–2018. aRR, adjusted rate ratio; DHB, district health
board; RR, rate ratio.
†RR adjusted for sex, ethnicity, and socioeconomic deprivation.
‡RR adjusted for age, ethnicity, and socioeconomic deprivation.
§RR adjusted for age, sex, and socioeconomic deprivation.
¶RR adjusted for age, sex, and ethnicity.
#RR adjusted for age, sex, ethnicity, and socioeconomic deprivation; 3 DHBs highest incidence and 1 DHB with lowest incidence shown. A full list of
DHBs is provided in Appendix Table 1 (https://wwwnc.cdc.gov/EID/article/27/1/19-1791-App1.pdf).
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Figure 4. New Zealand
annual incidence
rates of initial RHD
hospitalizations, all
ages, 2000–2018. RHD,
rheumatic heart disease.

(93.4%) initial ARF cases are among persons <30
years of age, and most (92.6%) occur in Māori and Pacific Islanders. Rates of ARF in some population subgroups remain among the highest reported in a high-

income country, showing stark ethnic inequalities. For
children 5–14 years of age, the rates for Māori (35.9
cases/100,000 population) and Pacific Islanders (79.6
cases/100,000 population) are similar to rates in many

Table 2. Rheumatic heart disease initial hospitalization rates and adjusted rate ratios for patients <70 years of age according to key
sociodemographic characteristics, New Zealand, 2000–2018*
Crude rate of RHD at initial
hospitalization/100,000
RR in 2010–2018 vs.
Characteristics
No. cases
population
aRR (95% CI)
2000–2009 (95% CI)
Age, y†
0–9
154
1.35
Referent
1.53 (1.11–2.11)
10–19
322
2.77
2.21 (1.82–2.68)
1.51 (1.21–1.88)
20–29
164
1.47
1.30 (1.04–1.62)
0.95 (0.69–1.29)
30–39
208
1.87
1.83 (1.49–2.26)
0.81 (0.62–1.07)
40–49
420
3.60
3.84 (3.19–4.62)
1.07 (0.88–1.30)
50–59
678
6.69
7.66 (6.43–9.14)
0.93 (0.80–1.08)
60–69
957
12.87
15.66 (13.18–18.61)
1.13 (1.00–1.29)
Sex‡
M
1,405
3.74
1.12 (1.04–1.21)
1.14 (1.03–1.26)
F
1,498
4.06
Referent
1.04 (0.93–1.15)
Ethnicity§
Māori
892
7.30
3.21 (2.93–3.52)
1.24 (1.09–1.42)
Pacific Islander
574
11.60
4.62 (4.16–5.15)
1.28 (1.08–1.51)
Asian
123
1.47
0.71 (0.59–0.86)
0.80 (0.56–1.14)
European and other
1,314
2.68
Referent
0.95 (0.86–1.10)
Socioeconomic deprivation level¶
1–2
222
1.60
Referent
0.79 (0.60–1.02)
3–4
324
2.34
1.42 (1.20–1.68)
0.85 (0.68–1.05)
5–6
441
3.05
1.76 (1.49–2.06)
1.07 (0.89–1.29)
7–8
642
4.15
2.19 (1.88–2.55)
1.12 (0.56–1.31)
9–10
1,274
7.58
3.10 (2.67–3.60)
1.21 (1.09–1.36)
District health board#
Northland
150
5.57
1.32 (1.03–1.69)
0.94 (0.68–1.29)
Counties Manukau, South Auckland
478
5.70
1.44 (1.16–1.78)
1.05 (0.88–1.26)
Tairawhiti, Gisborne
90
11.13
2.38 (1.79–3.16)
1.73 (1.12–2.66)
Hutt Valley, Wellington
107
4.33
1.51 (1.15–1.97)
1.38 (0.94–2.03)
Southern, South Island
110
2.14
Referent
1.11 (0.76–1.61)
Total
2,903
3.90
1.09 (1.01–1.17)
*An additional 2,212 cases (43.2% of total) occurred among persons >70 years of age during 2000–2018. aRR, adjusted rate ratio; DHB, district health
board; RHD, rheumatic heart disease; RR, rate ratio.
†RR adjusted for sex, ethnicity, and socioeconomic deprivation.
‡RR adjusted for age, ethnicity, and socioeconomic deprivation.
§RR adjusted for age, sex, and socioeconomic deprivation.
¶RR adjusted for age, sex, and ethnicity.
#RR adjusted for age, sex, ethnicity, and socioeconomic deprivation; 4 highest incidence DHBs, and the 1 lowest DHB shown. A full list of DHBs is
provided in Appendix Table 1 (https://wwwnc.cdc.gov/EID/article/27/1/19-1791-App1.pdf).
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Table 3. Mortality rates of rheumatic heart disease and adjusted rate ratios for people aged <70 y, according to key sociodemographic
characteristics, New Zealand, 2000–2016*
Crude rate of RHD
RR during 2010–2016
Category
No. deaths
deaths/100,000 population
aRR (95% CI)
vs. 2000–2009 (95% CI)
Age†
<40
126
0.31
Referent
0.66 (0.45–0.96)
40–49
163
1.56
7.27 (5.76–9.18)
0.68 (0.49–0.94)
50–59
249
2.80
15.09 (12.17–18.72)
0.53 (0.41–0.70)
60–69
352
5.48
34.15 (27.80–41.95)
0.56 (0.45–0.69)
Sex‡
M
394
1.21
0.88 (0.75–0.98)
0.56 (0.45–0.69)
F
496
1.49
Referent
0.61 (0.51–0.73)
Ethnicity§
Māori
467
4.34
12.27 (10.32–14.58)
0.53 (0.44–0.65)
Pacific Islander
190
4.37
11.16 (9.05–13.76)
0.77 (0.57–1.02)
Asian
20
0.29
0.8 7(0.55–1.38)
0.09 (0.02–0.40)
European and other
213
0.49
Referent
0.63 (0.47–0.84)
Socioeconomic deprivation level¶
1–2
48
0.39
Referent
0.23 (0.11–0.46)
3–4
67
0.55
1.23 (0.85–1.78)
0.51 (0.30–0.84)
5–6
113
0.88
1.72 (1.23–2.42)
1.01 (0.70–1.46)
7–8
188
1.37
2.17 (1.57–2.99)
0.54 (0.40–0.73)
9–10
474
3.18
3.18 (2.34–4.33)
0.58 (0.48–0.71)
District health board#
Northland
52
2.18
1.13 (0.76–1.69)
0.48 (0.24–0.94)
Counties Manukau, South Auckland
168
2.28
1.65 (1.21–2.24)
0.75 (0.53–1.05)
Tairawhiti, Gisborne
33
4.56
2.22 (1.42–3.48)
0.35 (0.15–0.83)
South Island, 5 DHBs
81
0.53
Referent
0.50 (0.31–0.82)
Total
890
1.35
0.58 (0.51–0.67)
*An additional 1,545 (63.4% of total) deaths occurred among persons >70 years of age during 2000–2016. aRR, adjusted rate ratio; DHB, district health
board; RHD, rheumatic heart disease; RR, rate ratio.
†RR adjusted for sex, ethnicity, and socioeconomic deprivation.
‡RR adjusted for age, ethnicity, and socioeconomic deprivation.
§RR adjusted for age, sex, and socioeconomic deprivation.
¶RR adjusted for age, sex, and ethnicity.
#RR adjusted for age, sex, ethnicity, and socioeconomic deprivation; 3 highest incidence DHBs and the DHB with lowest incidence shown. A full list of
DHBs is provided in Appendix Table 1 (https://wwwnc.cdc.gov/EID/article/27/1/19-1791-App1.pdf).

low-income countries (5,29,30) and to the high rates
previously reported in New Zealand (25,26). The net
effect of these high rates means that, by age 20, the
cumulative risk for ARF is 1.2% for Pacific Islanders
and 0.5% for Māori, compared with 0.01% for European/other ethnicities. This iniquitous distribution
of ARF drives elevated rates of RHD and premature
death from RHD across the lifespan for Māori and
Pacific Islanders.
Analysis of the sociodemographic characteristics showed ARF almost exclusively affects Māori
and Pacific Island children and young adults. Disaggregating these characteristics shows independent
contributions from ethnicity, socioeconomic deprivation, and geographic location (Appendix Table
2). Among persons <30 years of age, Māori had a
markedly increased (unadjusted) risk for ARF (RR
19.6, 95% CI 16.7–23.0) as did Pacific Islanders (RR
44.5, 95% CI 37.9–52.4) compared with the risk for
the European/other group. This elevated risk was
reduced after adjustment for socioeconomic deprivation and further reduced after adjustment for
geographic location. However, a residual increased

risk persisted (RR 9.0, 95% CI 8.2–9.8 for Māori and
RR 16.6, 95% CI 14.8–18.6 for Pacific Islanders).
A positive finding was that ARF recurrence rates
have remained stable over time, with a rate of 0.4
cases/100,000 population. In addition, these cases
represent ≈9.5% of total ARF hospitalizations, suggesting successful operation of secondary prevention programs.
RHD hospitalization rates rose greatly over
the study period. RHD is concentrated in older
age groups and 43.3% of RHD hospitalizations
occur among persons >70 years of age. Current trends reflect patterns of ARF that have occurred over the past few decades (cohort effects)
and changes in clinical awareness and diagnostic
practices. However, Māori and Pacific Islanders
again suffer the greatest burden of disease, 50.5%
of cases among persons <70 years of age. Ethnic
inequalities are less marked for RHD than for
ARF, probably reflecting cohort effects from previous decades when ARF inequalities were less
marked (25). As is the case for ARF, the increased
risk for RHD among Māori and Pacific Islanders is
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associated with deprivation and region in addition to an independent association with ethnicity.
We noted steep declines in RHD mortality rates
during 2000–2016. Nonetheless, Māori and Pacific
Islanders once more bear the greatest burden of disease, accounting for 73.8% of deaths among persons
<70 years of age. As with ARF and RHD hospitalizations, the increased risk for Māori and Pacific Islanders is associated with socioeconomic deprivation
and region in addition to an independent association with ethnicity.
A strength of this study is the comprehensive
nature of the outcome data used. However, the administrative data used has some limitations, both
in identifying and reporting cases of ARF and
RHD. A case can be missed if a person did not seek
medical attention, did not have symptoms recognized as ARF or RHD by a medical professional,
or was not hospitalizeddespite a diagnosis. Consequently, the ARF findings likely underestimate
the true incidence of disease. In comparison, RHD

hospitalizations might be overestimated due to
ICD-10 directives for RHD. Further clinical validation of ICD codes is needed to improve identification of RHD in administrative data in New Zealand
and globally. One approach that would greatly help
validation would be implementation of a national
patient registry, which would enable improved
uptake of prophylaxis by patients, better clinical
service coordination, and improved healthcare
sector performance monitoring. RHD mortality
data have similar coding limitations to those seen
for RHD hospitalizations. In addition, many RHD
deaths are undercounted because they manifest
as other circulatory diseases, such as heart failure
and strokes (31).
Despite those limitations, this study provides a
comprehensive overview of the incidence and distribution of ARF, RHD, and RHD deaths in New
Zealand. A particularly stark finding is the marked
ethnic inequalities in disease burden with ARF disproportionally affecting Māori and Pacific Island

Figure 5. Age distribution of ARF, RHD, and RHD mortality rates across major ethnic groups, New Zealand, 2000–2018. A) ARF
incidence among Māori; B) RHD incidence among Māori; C) RHD mortality rates among Māori; D) ARF incidence among Pacific
Islanders; E) RHD incidence among Pacific Islanders; F) RHD mortality rates among Pacific Islanders; G) ARF incidence among
European or other persons; H) RHD incidence among European or other persons; I) RHD mortality rates among European or other
persons. ARF, acute rheumatic fever; RHD, rheumatic heart disease.
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children, and RHD, and RHD deaths disproportionately affecting Māori and Pacific Islander
adults, particularly those living in high socioeconomic deprivation. We saw evidence of a cohort
effect; new cases of ARF were becoming rare in European/other children, RHD was declining among
European/other adults, and RHD deaths were becoming uncommon in European/other persons <70
years of age. However, rates of initial ARF in Māori
children remain high and are not decreasing, and
rates appear to be rising in Pacific Island children,
condemning these groups to a lifetime living with
the effects of RHD. To help curb the continuing
high rates of ARF and RHD, New Zealand and other countries must address the large and increasing
social and ethnic inequalities.
The Health Research Council (HRC) of New Zealand
provided funding for the study.

9.

10.

11.

12.

13.
14.

About the Author
Dr. Bennett is a senior research fellow in the Department
of Public Health, at the University of Otago, Wellington.
She has a wide range of public health research interests,
with a particular focus on infectious diseases (rheumatic
fever, rheumatic heart disease) air pollution and housing.

15.

16.

References
1.

2.
3.
4.

5.
6.

7.

8.

McDonald M, Currie BJ, Carapetis JR. Acute rheumatic
fever: a chink in the chain that links the heart to the throat?
Lancet Infect Dis. 2004;4:240–5. https://doi.org/10.1016/
S1473-3099(04)00975-2
Cunningham MW. Rheumatic fever revisited. Nat Rev
Cardiol. 2014;11:123. https://doi.org/10.1038/
nrcardio.2012.197-c1
McDonald M, Currie BJ, Carapetis JR. Acute rheumatic fever:
a chink in the chain that links the heart to the throat? Lancet
Infect Dis. 2004;4:240–5
Heart Foundation of New Zealand. New Zealand guidelines
for rheumatic fever: diagnosis, management and secondary
prevention of acute rheumatic fever and rheumatic heart
disease: 2014 update [cited 2019 Dec 1]. https://www.
heartfoundation.org.nz/resources/acute-rheumatic-feverand-rheumatic-heart-disease-guideline
Carapetis JR. Rheumatic heart disease in developing
countries. N Engl J Med. 2007;357:439–41. https://doi.org/
10.1056/NEJMp078039
Watkins DA, Johnson CO, Colquhoun SM, Karthikeyan G,
Beaton A, Bukhman G, et al. Global, regional, and
national burden of rheumatic heart disease, 1990–2015.
N Engl J Med. 2017;377:713–22. https://doi.org/10.1056/
NEJMoa1603693
Gordis L. The virtual disappearance of rheumatic fever in
the United States: lessons in the rise and fall of disease.
T. Duckett Jones memorial lecture. Circulation. 1985;72:1155–
62. https://doi.org/10.1161/01.CIR.72.6.1155
Clemmesen S. Rheumatic fever statistics in Denmark
from 1878 to 1946 and their significance in profylaxis. Acta

17.

18.

19.
20.

21.

22.
23.
24.

Med Scand. 1949;135(S234):109–17. https://doi.org/
10.1111/j.0954-6820.1949.tb05601.x
Quinn RW. Comprehensive review of morbidity and mortality
trends for rheumatic fever, streptococcal disease, and scarlet
fever: the decline of rheumatic fever. Rev Infect Dis.
1989;11:928–53. https://doi.org/10.1093/clinids/11.6.928
Jaine R, Baker M, Venugopal K. Acute rheumatic fever
associated with household crowding in a developed country.
Pediatr Infect Dis J. 2011;30:315–9. https://doi.org/10.1097/
INF.0b013e3181fbd85b
Veasy LG, Tani LY, Hill HR. Persistence of acute
rheumatic fever in the intermountain area of the United
States. J Pediatr. 1994;124:9–16. https://doi.org/10.1016/
S0022-3476(94)70247-0
Veasy LG, Wiedmeier SE, Orsmond GS, Ruttenberg HD,
Boucek MM, Roth SJ, et al. Resurgence of acute rheumatic
fever in the intermountain area of the United States. N
Engl J Med. 1987;316:421–7. https://doi.org/10.1056/
NEJM198702193160801
Carapetis JR, McDonald M, Wilson NJ. Acute rheumatic
fever. Lancet. 2005;366:155–68. https://doi.org/10.1016/
S0140-6736(05)66874-2
Australian Institute of Health and Welfare. Field B.
Rheumatic heart disease: all but forgotten in Australia
except among Aboriginal and Torres Strait Islander peoples.
Canberra, ACT, AUS: The Institute; 2004 [cited 2019 Nov 5].
https://www.aihw.gov.au/getmedia/00df75e1-701f-40819079-bae3a05ccd80/bulletin16.pdf
Milne RJ, Lennon DR, Stewart JM, Vander Hoorn S,
Scuffham PA. Incidence of acute rheumatic fever in
New Zealand children and youth. J Paediatr Child Health.
2012;48:685–91. https://doi.org/10.1111/
j.1440-1754.2012.02447.x
Webb R, Wilson N. Rheumatic fever in New Zealand.
J Paediatr Child Health. 2013;49:179–84. https://doi.org/
10.1111/j.1440-1754.2011.02218.x
Ministry of Health, Institute of Environmental Science and
Research Limited. Rheumatic fever bi-annual report July
2017–June 2018 [cited 2019 Nov 10]. https://surv.esr.cri.nz/
surveillance/RheumaticFever.php
Oliver J, Pierse N, Baker MG. Estimating rheumatic fever
incidence in New Zealand using multiple data sources.
Epidemiol Infect. 2015;143:167–77. https://doi.org/10.1017/
S0950268814000296
New Zealand Ministry of Health. National Health Index
[cited 2019 May 5]. https://www.health.govt.nz/our-work/
health-identity/national-health-index
New Zealand Ministry of Health. National Minimum
Dataset (hospital events) [cited 2019 Jun 2]. http://www.
health.govt.nz/nz-health-statistics/national-collections-andsurveys/collections/national-minimum-dataset-hospitalevents
New Zealand Ministry of Health. Mortality Collection [cited
2019 Jun 20]. https://www.health.govt.nz/nz-healthstatistics/national-collections-and-surveys/collections/
mortality-collection
Salmond CE, Crampton P. Development of New Zealand’s
deprivation index (NZDep) and its uptake as a national
policy tool. Can J Public Health. 2012;103(Suppl 2):S7–11.
Stats NZ. Age, sex and ethnic group projections, 2013 [cited
2019 Jun 1]. https://www.stats.govt.nz/tools/nz-dot-stat
New Zealand Ministry of Health. HISO 10001 ethnicity data
protocols for the health and disability sector 2016: consultation
document [cited 2019 May 20]. https://www.health.govt.nz/
publication/hiso-10001-ethnicity-data-protocols-health-anddisability-sector-2016-consultation-document

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 27, No. 1, January 2021

45

RESEARCH
25.

Jaine R, Baker M, Venugopal K. Epidemiology of acute rheumatic fever in New Zealand 1996–2005. J Paediatr
Child Health. 2008;44:564–71. https://doi.org/10.1111/
j.1440-1754.2008.01384.x
26. Milne RJ, Lennon D, Stewart JM, Vander Hoorn S,
Scuffham PA. Mortality and hospitalisation costs of
rheumatic fever and rheumatic heart disease in New
Zealand. J Paediatr Child Health. 2012;48:692–7.
https://doi.org/10.1111/j.1440-1754.2012.02446.x
27. Gurney JK, Stanley J, Baker MG, Wilson NJ, Sarfati D.
Estimating the risk of acute rheumatic fever in New Zealand by age, ethnicity and deprivation. Epidemiology &
Infection. 2016;144:3058–67
28. Baker MG, Gurney J, Oliver J, Moreland NJ,
Williamson DA, Pierse N, et al. Risk factors for acute
rheumatic fever: literature review and protocol for a
case-control study in New Zealand. Int J Environ Res

29.
30.
31.

Public Health. 2019;16:E4515. https://doi.org/10.3390/
ijerph16224515
Seckeler MD, Hoke TR. The worldwide epidemiology of acute
rheumatic fever and rheumatic heart disease. Clin Epidemiol.
2011;3:67–84. https://doi.org/10.2147/CLEP.S12977
Jaine R. Acute rheumatic fever in New Zealand:
epidemiology and the role of household crowding.
Dissertation. University of Otago; 2007.
Wilson N, Mitchelson B, Peat B, Webb R, Anderson A,
Jack S, et al. The New Zealand rheumatic heart disease
registry. Heart Lung Circ. 2018;27:S19. https://doi.org/
10.1016/j.hlc.2018.05.141

Address for correspondence: Julie Bennett, Department of Public
Health, University of Otago, Wellington, 23A Mein St, Newtown,
Wellington 6021, New Zealand; email: julie.bennett@otago.ac.nz

April 2020

Vectorborne Infections
• Stemming the Rising Tide of HumanBiting Ticks and Tickborne Diseases,
United States

•P
 erson-to-Person Transmission of
Andes Virus in Hantavirus Pulmonary
Syndrome, Argentina, 2014

• Ecology and Epidemiology of Tickborne
Pathogens, Washington, USA,
2011–2016

•O
 utbreak of Dirkmeia churashimaensis
Fungemia in a Neonatal Intensive Care
Unit, India

• Imported Arbovirus Infections in
Spain, 2009–2018

•R
 ift Valley Fever Outbreak, Mayotte,
France, 2018–2019

• Decreased Susceptibility to
Azithromycin in Clinical Shigella
Isolates Associated with HIV and
Sexually Transmitted Bacterial
Diseases, Minnesota, USA, 2012–2015

•C
 rimean-Congo Hemorrhagic Fever
Virus in Humans and Livestock,
Pakistan, 2015–2017
•D
 etection of Zoonotic Bartonella
Pathogens in Rabbit Fleas,
Colorado, USA

• High Incidence of Active Tuberculosis
in Asylum Seekers from Eritrea and
Somalia in the First 5 Years after
Arrival in the Netherlands

•H
 uman-to-Human Transmission of
Monkeypox Virus, United Kingdom,
October 2018

• Severe Dengue Epidemic, Sri Lanka,
2017
• Severe Fever with Thrombocytopenia
Syndrome, Japan, 2013–2017
• Comprehensive Profiling of Zika
Virus Risk with Natural and Artificial
Mitigating Strategies, United States
• Genomic Insight into the Spread of
Meropenem-Resistant Streptococcus
pneumoniae Spain-ST81, Taiwan

•P
 revalence of Antibodies to CrimeanCongo Hemorrhagic Fever Virus in
Ruminants, Nigeria, 2015
•R
 ecurrent Herpes Simplex Virus 2
Lymphocytic Meningitis in Patient with
IgG Subclass 2 Deficiency

•P
 ruritic Cutaneous Nematodiasis
Caused by Avian Eyeworm Oxyspirura
Larvae, Vietnam
•N
 ovel Rapid Test for Detecting
Carbapenemase
•A
 rthritis Caused by MRSA CC398 in a
Patient without Animal Contact, Japan

• Isolation of Drug-Resistant
Gallibacterium anatis from Calves with
Unresponsive Bronchopneumonia,
Belgium

•H
 ealth-Related Quality of Life after
Dengue Fever, Morelos, Mexico,
2016–2017

•D
 etection of Rocio Virus SPH 34675
during Dengue Epidemics, Brazil,
2011–2013

• Guaroa Virus and Plasmodium vivax
Co-Infections, Peruvian Amazon

•E
 bola Virus Neutralizing Antibodies in
Dogs from Sierra Leone, 2017

•C
 rimean-Congo Hemorrhagic Fever,
Mauritania

®

46

• I ntensified Short Symptom Screening
Program for Dengue Infection during
Pregnancy, India

•W
 hole-Genome Analysis of Salmonella
enterica Serovar Enteritidis Isolates
in Outbreak Linked to Online Food
Delivery, Shenzhen, China, 2018

To revisit the April 2020 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/26/4/table-of-contents

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 27, No. 1, January 2021

