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Abstract 
Aims 
Acute rheumatic fever (ARF) is an important public health problem in low and middle income  
countries and in certain populations in high income countries. Indigenous Australians, and New 
Zealand (NZ) Māori and Pacific peoples, have incidence rates among the highest in the world. We 
aimed to investigate ARF cases’ housing conditions and sore throat treatment to identify 
opportunities for improved ARF prevention in NZ.   
Methods 
Recently diagnosed cases and their caregivers were interviewed. Information was obtained about 
the cases’ demographics, housing circumstances and conditions, and sore throat treatment 
preceding ARF. 
Results 
We interviewed 55 cases. Most (75%) lived in rental housing and reported multiple measures of 
deprivation. Common exposures were household crowding (58%), bed-sharing (49%), dampness and 
mould (76%), cold (82%), and co-habiting with smokers (71%). Experiencing sore throat in the weeks 
before ARF was recalled by 62%, with 29% seeing a doctor or nurse and 13% of the total sample 
receiving antibiotics. 
Conclusions 
The environmental conditions reported could contribute to high GAS transmission and susceptibility 
to infection, thus increasing ARF risk. Sore throat treatment has important limitations as an 
intervention, particularly as 38% of participants did not recall sore throat preceding the diagnosis. 
The results support the need to improve rental housing. Interventions promoting minimum 
enforceable standards in social housing and private rental sectors (such as a housing warrant of 
fitness) could support these changes. A rigorous investigation, such as a case-control study, is 
needed to explore risk factors further. 
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Introduction 
Acute rheumatic fever (ARF) is an autoimmune illness which may cause rheumatic heart disease 
(RHD), a serious and sometimes fatal condition. ARF occurs in 0.3-3% of people as an aberrant 
immune response following group A Streptococcus (GAS) infection.(1-3) Rates peak in children aged 
5-14 years old. ARF is rare in nearly all high-income countries, however Māori and Pacific New 
Zealanders are dramatically over-represented in national incidence rates, as are Indigenous 
Australians.(4)  

There are considerable gaps in knowledge of the aetiology and risk factors of ARF. This limits the 
effectiveness of disease control and prevention interventions.(5) Attempts to identify host factors 
have produced inconsistent results.(6, 7) A few case-control studies of ARF have been conducted,(8, 
9)  but none of a high-quality.(10, 11) One study identified several factors as significantly associated 
with ARF, the strongest being parental unemployment.(8) Poor living conditions, including home 
dampness and home crowding were significant risk factors.(8)  Frequent sore throat and low 
education level of mother were also risk factors.(8) A smaller study identified associations with ARF 
and low income, substandard housing, and poor nutritional status.(9) Another study observed an 
association with the number of children in the household.(12) Several cross-sectional studies of RHD 
have been carried out in developing countries,(13-17) with evidence of increased risk in low socio-
economic settings during childhood, and an association with crowding found in one study.(15) The 
single reported cohort study of RHD found no significant association between household crowding in 
childhood and RHD death however.(18) It is unknown whether secondhand smoke (SHS) exposure 
increases ARF risk, however smokers harbor more potential pathogens in their oral microflora, which 
may increase their children’s risk of GAS infection.(19)  A New Zealand (NZ) ecological study 
associated ARF with neighbourhood deprivation, household crowding, and the proportion of 5-14 
year old children in the area.(20) Although based on ecological findings, it is widely thought the 
dramatic decline in ARF throughout Europe and North America during the last century was due to 
improvements in socioeconomic and housing conditions, reductions in household crowding, and 
increased use of antibiotics to treat streptococcal pharyngitis.(21) GAS is very infectious, so 
conditions (such as cold and mould) that enhance transmission, for example by reducing immune 
function, are certainly plausible risk factors.(23-25) Seasonality in ARF and pharyngitis is apparent in 
NZ, with rates peaking in winter.(26, 27)  

The NZ government implemented a national ARF prevention programme (RFPP) in conjunction with 
district health boards (DHBs). This descriptive study was contracted by the Ministry of Health (MoH) 
with the goal of improving the evidence base to support ARF prevention. To investigate 
environmental risk factors associated with ARF, we quantified cases’ exposures to poor quality 
housing conditions, healthcare and household crowding around the time of diagnosis. Our aims were 
to: 
1. Investigate housing tenure of ARF cases. 
2. Investigate the housing conditions and household crowding exposures of ARF cases. 
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3. Investigate whether ARF cases received antibiotic treatment for pharyngitis (if present) in the 2-3 
weeks prior to developing ARF. 
4. Identify important research questions for more detailed investigation with a case-control study. 

Methods 
Full ethics approval was granted by the University of Otago Ethics Committee. North Island Public 
Health Unit (PHU) staff contacted ARF cases notified between 1 January 2012 and 12 March 2013, or 
their parent/caregiver if the case was younger than 16 years old.  Staff explained the study and 
requested consent to pass contact details on to the research team. 

Participants were interviewed by a single researcher using a standard questionnaire. The 
questionnaire contained five sections, concerning the case’s demographics, housing circumstances 
and conditions, household heating, and household crowding. Questions were generally selected 
from pre-existing survey questionnaires.  Responses were tabulated and presented as counts and 
proportions (percentages). Stratification according to ethnicity and housing tenure was performed 
for certain factors. Household crowding was calculated using the Canadian National Occupancy 
Standard (CNOS), which describes structural crowding levels according to bedroom deficits. CNOS 
considers the age, relationship status and gender of the occupants. ‘Structural crowding’ is defined 
as the extra bedrooms a home requires to be free of crowding.(28) Proportions of participants 
exposed to crowding, dampness, cold and financial deprivation were reported according to key 
indicator exposures, such as electricity being cut off. Most exposures concerned the year preceding 
ARF diagnosis, however cold exposures concerned the winter before the diagnosis. These periods 
were selected in an attempt to minimise recall bias. ‘Acceptable’ heating methods were those not 
considered likely to impair respiratory health, such as electric heaters.(29) 

The prioritised ethnicity classification system was used. Here respondents indicating membership of 
more than one ethnic group are allocated to a single ethnic group based on a prioritised order of 
Māori, Pacific, Asian and Other. Consequently the Other ethnic group effectively refers to non-
Māori, non-Pacific, non-Asian people.(30)  The New Zealand Index of Deprivation (NZDep) system is 
used as a measure of socioeconomic deprivation over small areas.(31)  Deciles 1-2 represent people 
living in least deprived areas and deciles 9-10 represent those in most deprived areas. 

This study did not have a control group.  To indicate the distribution of exposures of interest in the 
source population, we used comparison statistics from the 2013 Census where possible, or survey 
data collected from parents of children aged 3 to 10 years in the Wellington region who were 
controls for a mould case-control study. We also used data on notified ARF cases for some 
comparisons. The test of equal or given proportions was performed to investigate whether the 
proportion of participants exposed to the factor of interest was significantly different from the 
comparison group, if it could be assumed that the proportion of exposed individuals in the 
comparison group was fixed (eg. census controls). Alternatively the Chi-squared test was used 
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(Mould Study controls).  Where a statistically significant difference was detected, the comparison 
statistic was highlighted in the table. 
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Results 
Study population and response proportion 
In total, 160 cases with initial attacks of ARF were notified between 1 January 2012 and 12 March 
2013. Contact details for 73 notified cases were received. Fifteen could not be contacted. Two 
interviews could not be conducted due to a language barrier. One declined to be interviewed. A total 
of 55 people were interviewed. The interviewer’s impression was that the interview process was 
well-received. All participants agreed to have interview data linked with case notification data. Most 
interviews lasted around 5 minutes, range 4-15 minutes.  

The demographic characteristics of the study participants did not differ significantly from the total 
ARF cases notified over the study period. Māori and Pacific peoples, children aged 5-14 years old and 
people living in more deprived areas were markedly over-represented in the study population 
compared with the general population. Participants reported significantly lower rates of home 
ownership at the time of diagnosis than the general population. Only 25.5% of participants lived in 
owner-occupied homes, compared with 64.8% of the general population. While only 3.4% of the 
general population lived in social housing (ie. Housing New Zealand properties provided at a 
subsidised rent), 34.5% of the cases did. A further 40.0% lived in the private rental sector, compared 
with 25.8% of the general population (Table 1). 
 

Table 1: Demographic characteristics of ARF study participants compared with ARF notifications 
and the NZ population 

 

Crowding 
Household crowding was common, with 58.2% of participants experiencing a bedroom deficit of one 
or more, including 34.5% with a bedroom deficit of two or more (severe crowding). This is much 
higher than reported for the entire Māori and Pacific child population (in the 2013 census, 23.1% of 
Maori children experienced a bedroom deficit of at least one, and 42.3% of Pacific children).(32) 
Only six of the 19 social housing homes were not crowded. In the private rental sector, 11 of 22 
homes had a bedroom deficit of one or more, as did six of 14 of owner-occupied homes. The mean 
number of additional bedrooms required to alleviate structural crowding was 2.1; range 1-6 
bedrooms, interquartile range 1-3.  

Thirty-eight cases (69.1%) usually shared their bedroom with at least one other person, with on 
average 2.3 other people (range 1-10 others). 

Twenty-seven cases (49.1%) shared their bed. Of those cases who shared their bed, the median 
number of other people they shared with was 1, (mean 1.8, range: 1-5 others). Proportions sharing 
their bedroom or bed were significantly higher than in the Mould Study control group (Table 2). 
Eight cases shared their bed with at least one adult and 19 with at least one child. 
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Table 2. Prevalence of household crowding in ARF study population compared with NZ Census and 
Mould Study controls 

Financial deprivation 
We took indicators of financial deprivation to be: 1) receiving notice that a power bill had not been 
paid on time, 2) power cut off due to unpaid bills, 3) needing to feel cold inside to save money, 4) 
the household’s main income being a government benefit, 5) owning a Community Services Card. A 
Community Services Card is available to low- and middle-income New Zealanders to help reduce 
healthcare costs.. The exposure period for these indicators was during the year before the ARF case 
was diagnosed, except for indicator 3) which applied during the winter preceding diagnosis.  

Forty-six of 55 (83.6%) participants experienced at least one indicator of financial deprivation. Of 
those in owner-occupied homes, 35.7% (5 of 14) experienced at least two indicators and 84.6% (9 of 
14) had experienced at least one. Nearly all, 94.7% (18 of 19), in social housing had experienced at 
least two indicators, with only one not experiencing any. Of those in private rental homes, 81.8% (18 
of 22) had experienced at least two indicators (and 20 experienced at least one), with only two not 
experiencing any.  

Housing conditions and indoor air quality 
Most participants (76.4%) reported exposure to at least one of: damp walls or ceilings, mould or a 
musty smell in the bedrooms or living areas of their home, in the 12 months preceding the ARF 
diagnosis. The majority of homes (70.9%) had at least one smoker living in them. Participants 
reported a significantly higher prevalence of dampness and musty smelling homes the the Mould 
Study controls (p<0.05, Chi-squared test), but not of visible mould or mildew. The Mould Study 
group was not however, representative of the general population, with a considerably higher 
household income level, or representative of the study population, with a much higher rate of home 
ownership (Dr. Caroline Shorter, University of Otago, 12 February 2015, personal communication). 

Most participants (81.8%), experienced one or more indicators of exposure to cold housing, ie. 
needing to sleep in the same room as others to keep warm, feeling their home was too cold inside, 
or needing to feel cold inside to save money on heating during the winter preceding diagnosis (Table 
3). 
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Table 3. Exposure to cold housing, indoor air quality and participants’ impression of house 
conditions in the ARF study population 
 
A moderate proportion of participants reported difficulty paying power bills, with 32.7% having 
received notice that a power bill had not been paid in the 12 months preceding diagnosis, and 21.8% 
having power cut off (or prepaid meters running out). Of those in owner-occupied homes, 42.9% (6 
of 14) reported having needed to sleep in the same room as other people to keep warm, having felt 
their home was too cold inside, or that they had needed feel cold inside to save money.  In contrast, 
90.9% (20 of 22) of participants in private rental homes were affected by at least one of these 
indicators, as were all 19 participants in social housing. 
 
The majority of participants (54.5%) used ‘acceptable’ heating sources as the major way of heating 
their living rooms at the time of the ARF diagnosis. ‘Acceptable’ sources include enclosed fires, flued 
gas heaters, heat pumps, electric heaters, and central heating. Unflued gas heaters were the most 
common ‘unacceptable’ heating source, used by 16.4% of participants. A total of 16.4% of 
participants did not heat their living rooms, and 75.1% did not heat the room the case usually slept 
in. In the Mould Study control group only 14.7% of participants did not heat the child’s bedroom (Dr. 
Caroline Shorter, University of Otago, 12 February 2015, personal communication). 

Sore throat and access to healthcare  
Almost 65% of participants (N=34) thought, or were certain, the case experienced a sore throat 2-3 
weeks before their ARF diagnosis. Of these, 29.4% (N=10) responded ‘Yes’ when asked whether a 
doctor or a nurse had been seen about the sore throat, and 70.0% (N=7) of this group received 
antibiotics prior to the ARF diagnosis.  

By comparison, after the RFPP gained momentum over 2013,(27) 54.3% (N=69) of ARF cases notified 
from 1 July 2014 to 30 June 2015 (N=127) recalled experiencing a sore throat in the four weeks 
preceding diagnosis, and 60.9% (42 of 69 cases) saw a healthcare professional about it. Of these 
cases, 73.8% (N=31) were prescribed antibiotics (Dr. Niki Stefanogiannis, Ministry of Health, 23 
March 2016, personal communication). 
. 
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Discussion 
This study presents the first descriptive NZ data on ARF cases’ housing circumstances and 
environmental exposures. Despite the relatively small sample size, the findings suggest this 
population is exposed to multiple environmental hazards. Participants reported high levels of 
exposure to household crowding, financial deprivation, cold, damp homes, and living with smokers. 

Cases demonstrated a clear reliance on rental housing. Almost 75% lived in rental housing, markedly 
more than the general population (Table 1).  This result is consistent with a previous study, which 
found that about a third of ARF cases lived in social housing.(33) That study noted that most excess 
risk for the social housing population disappeared when rates were adjusted for age and 
ethnicity.(33) This finding illustrates the large confounding effect of ethnicity and deprivation on 
observed associations between ARF and housing tenure. 

Household crowding was very common in our sample.  Household crowding was high for Māori and 
Pacific children. Despite this, the NZ Asian population demonstrates nearly the same level of 
crowding as Māori, but is low-risk for ARF.(34)  This finding suggests the association may be modified 
by other factors, such as the age composition of the household, bed sharing, and other features of 
deprivation. A strikingly high proportion of cases slept in the same bed as others which could 
facilitate the spread of GAS. Exposure to poor housing conditions and deprivation was widespread, 
particularly in the rental sector. 

Approximately two-thirds of participants recalled a sore throat preceding ARF. A low proportion 
sought and received treatment for it. While we are unable to confirm what the prescribed antibiotic 
was, antimicrobial resistance is not likely to have been an issue.(35) Of cases notified in 2014-15, a 
considerably higher proportion who recalled a preceding sore throat sought and received treatment 
for it (45%). Thus while there has been improvement, there may still be issues in access to 
healthcare and awareness of the need to treat sore throats, despite the considerable work of the 
RFPP addressing these areas. These findings could lend support to community-based primary 
prevention trials to assess the effectiveness of sore throat management for ARF prevention. 

Around one-third of cases did not appear to experience a sore throat preceding diagnosis. This is 
consistent with some previous literature.(36) Consequently improving treatment of GAS pharyngitis 
cannot directly address the occurrence of ARF in these individuals. Improving the housing of at-risk 
children can theoretically reduce risk of GAS transmission and ARF, even in those who don’t 
experience a sore throat. 

This small study identified strong themes regarding possible risk factors, consistent with previous 
research.(10) While the study population is demographically representative of notified cases, it is 
unclear whether it is representative with regards to other potentially confounding exposures. We 
were only able to contact 20% of the notified cases, thus results may well be affected by respondent 
bias. Recall bias may also have impaired accuracy of the results, especially given the retrospective 
interview process and sometimes lengthy time delay from illness onset till the interview. Living 
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conditions in preceding years may also influence ARF risk, however we did not investigate this due to 
additional recall bias. It is unclear how these biases may have affected our findings. Another 
limitation concerns the lack of a control population and appropriate comparison groups. 

This study design has potential for confounding and is unable to demonstrate causal association. 
While the interview questions were kept brief for the participants’ convenience, their limited scope 
reduces the ability to identify confounding. Poor housing conditions and household crowding may 
directly promote ARF or be markers of poverty, which increases the risk of ARF through a range of 
different pathways.(4) Selected indicators of poor housing and deprivation may not have been 
entirely accurate. It is unclear how valid the test of equal or given proportions was when 
investigating significant differences in exposures between participants and comparison groups, due 
to differences in age and ethnic distributions. Furthermore, comparison groups were selected for 
convenience and do not necessarily correspond appropriately to the cases. They provide a general 
contrast only. 

A nationwide NZ case-control study is currently underway to assess the association between ARF 
and a wide range of specific risk factors. It uses a similar (expanded) questionnaire, refined using 
results from this small pilot study. It will investigate factors such as skin infection, as well as sore 
throat, preceding ARF to see if improved access to primary health care has greater potential as an 
intervention to prevent ARF. Importantly it has a carefully chosen control population to allow 
associations with specific risk factors to be assessed robustly. 

We consider our findings could support the need to create and enhance warm, dry, non-crowded 
home environments, particularly for Māori and Pacific children. It appears plausible that cold, 
crowded, damp housing increases transmission of GAS infections.(37, 38) NZ Government agencies 
have already demonstrated capacity to deliver highly effective housing interventions to the social 
housing sector.(39) This housing sector could lend itself well to pilot studies aiming to improve 
health outcomes, before extending promising interventions more widely. Deprived groups often rely 
on rental housing.  It is therefore important to consider approaches that raise the quality of private 
rental and social housing. Implementing minimum enforceable standards in these sectors may 
reduce the incidence of ARF and other diseases associated with poor quality housing, which exert a 
significant burden in deprived communities.(40) 

  

What is already known on this topic? Acute rheumatic fever (ARF) is an important public health 
problem in low and middle income countries and in certain, typically indigenous, populations in 
high income countries. While some research has associated ARF with low socioeconomic status 
and poor housing, there are major gaps in knowledge of ARF risk factors. These gaps reduce the 
ability to design effective prevention interventions. 

What this study adds: This first descriptive data on the housing circumstances and 
environmental exposures of ARF cases in New Zealand indicates that poor housing and 
deprivation are highly prevalent. Interventions promoting minimum enforceable standards for 
rental housing may reduce the burden of ARF and other diseases of poverty. A rigorous 
investigation, such as a case-control study, is needed to explore risk factors further. 
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Table 1: Demographic characteristics of ARF study participants compared with ARF notifications 
and the NZ population 

Demographic 
factor 

No. 
Participants 
(N=55) 

Proportion 
participants 
(% study 
total) 

Total 
notifications 
(N=160) 

2013 Census  
Population 
(% total 
population) 

Age group  
<5 
5-14 
15-30 
≥31 
Unknown 

 
0 

44 
10 
1 
0 

 
0.0 

80.0 
20.0 
1.8 
0.0 

 
0 

117 
41 
2 

0.0 

 
14.0 
5.6 
8.5 

67.7 
0.1 

Sex 
Female 
Male 

 
29 
26 

 
52.7 
47.3 

 
94 
66 

 
51.2 
48.8 

Prioritised 
Ethnicity  
Māori 
Pacific  
Asian 
Other 
Unknown 

 
 

35 
19 
0 
1 
0 

 
 

63.6 
34.5 
0.0 
1.8 
0 

 
 

85 
69 
2 
3 
1 

 
 

13.5 
6.7 

10.6 
69.3 
0.0 

NZ Deprivation 
Index 2013 
1-2 
3-4 
5-6 
7-8 
9-10 
Unknown 

 
 

2 
1 
3 

11 
34 
4 

 
 

3.6 
7.8 
5.5 

20.0 
61.8 
7.3 

 
 

5 
8 

10 
26 

109 
2 

 
 

20.5 
20.1 
19.8 
19.6 
19.8 
0.1 

Housing Tenure 
Owner-occupied 
Private rental 
Social housing 
Other 

 
14 
22 
19 
0 

 
25.5 
40.0 
34.5 
0.0 

 
- 

- 

- 

- 

 
64.8 
25.8 
3.4 
6.0 

NB: Bold numbering indicates exposure levels are significantly different between cases and the 
comparison group (p<0.05, Chi-squared tests/test of equal of given proportions). 
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Table 2. Prevalence of household crowding in ARF study population compared with NZ Census and 
Mould Study controls 

Indicators of household crowding Total sample  
N=55 participants 

Comparison source: 
NZ Census 2006/ Mould 

Study controls 

n % % 
Household with 1+ bedroom deficit 

Household with 2+ bedroom deficit 

No bedroom deficit 
Unsure 

32 
19 
23 
0 

54.5   
34.5   
45.5   
0.0   

10.4 
3.5 

89.6 
0.0 

Households with 1+ bedroom deficit by 
prioritised ethnicity 

Māori 
Pacific 
European/Other 

 
 

16 
14 
0 

 
 

45.7 
73.7 
0.0 

 
 

20.0 
39.8 
4.3 

Cases sleeping in same bedroom as other people 
Case only 
At least 1 other person 
       1 other person 
       2 other people 
       At least 3 other people 
Unsure 

 
17 
38 
18 
9 

11 
0 

 
30.9   
69.1   
32.7   
16.4   
20.0 
0.0   

 
68.0 
32.0 

- 

- 

- 

0.0 
Cases sleeping in  
same bed  as other people 

Case only 
At least 1 other person 
       1 other person 
       2 other people 
       At least 3 other people 
Unsure 

 
 

28 
27 
18 
2 
7 
0 

 
 

50.9 
49.1 
32.7 
3.6 

12.7 
0.0 

 
 

80.0 
19.3 

- 

- 

- 

0.7 
NB: Bold numbering indicates exposure levels are significantly different between cases and the 
comparison group (p<0.05, Chi-squared tests/test of equal of given proportions). 
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Table 3. Exposure to cold housing, indoor air quality and participants’ impression of house 
conditions in the ARF study population 
 
Key housing exposure 
 

Total sample 
(N = 55 participants) 
n % 

How often was dampness noticed on walls/ceilings 
Yes – always 
Yes – often 
Yes – sometimes 
No 
Unsure 

 
20 
6 
6 

22 
1 

 
36.4 
10.9 
10.9 
40.0 
1.8 

How often did house smell mouldy/musty  
Yes – always 
Yes – often 
Yes – sometimes 
No 
Unsure 

 
16 
9 
8 

20 
2 

 
29.1 
16.4 
14.5 
36.4 
3.6 

Frequency of mould/mildew  
Yes – always 
Yes – often 
Yes – sometimes 
Never 
Unsure 

 
18 
13 
7 

25 
2 

 
32.7 
23.6 
12.7 
45.5 
3.6 

Was the house colder than preferred? 

Yes – always 
Yes – often 
Yes – sometimes 
Never 
Unsure 

 
27 
12 
6 
8 
2 

 
49.1 
21.8 
10.9 
14.5 
3.6 

Did the participant feel cold inside to save money on power? 

Yes – always 
Yes – often 
Yes – sometimes 
Never 
Unsure 

 
27 
12 
6 
8 
2 

 
49.1 
21.8 
10.9 
14.5 
3.6 

Did case need to sleep in same room as others just to keep warm? 

Yes – always 
Yes – often 
Yes – sometimes 
Never 
Unsure 

 
24 
2 
5 

24 
0 

 
43.6 
3.6 
9.1 

43.6 
0.0 

Acceptable heating methods in living room used 
Yes 
No 
Unsure 

 
30 
25 
0 

 
54.5 
45.5 
0.0 

≥1 Smoker in household 
Yes 
No 
Unsure 

 
39 
16 
0 

 
70.9 
29.1 
0.0 
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