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Abstract

Background

Rheumatic heart disease (RHD) poses a major disease burden among disadvantaged pop-

ulations globally. It results from acute rheumatic fever (ARF), a complication of Group A

Streptococcal (GAS) infection. These conditions are acknowledged as diseases of poverty,

however the role of specific social and environmental factors in GAS infection and progres-

sion to ARF/RHD is not well understood. The aim of this systematic review was to determine

the association between social determinants of health and GAS infection, ARF and RHD,

and the effect of interventions targeting these.

Methodology

We conducted a systematic literature review using PubMed, the Cochrane Library and

Embase. Observational and experimental studies that measured: crowding, dwelling char-

acteristics, education, employment, income, nutrition, or socioeconomic status and the rela-

tionship with GAS infection, ARF or RHD were included. Findings for each factor were

assessed against the Bradford Hill criteria for evidence of causation. Study quality was

assessed using a standardised tool.

Principle findings

1,164 publications were identified. 90 met inclusion criteria, comprising 91 individual studies.

49 (50.5%) were poor quality in relation to the specific study question. The proportion of

studies reporting significant associations between socioeconomic determinants and risk of

GAS infection was 57.1%, and with ARF/RHD was 50%. Crowding was the most assessed

factor (14 studies with GAS infection, 36 studies with ARF/RHD) followed by socioeconomic

status (6 and 36 respectively). The majority of studies assessing crowding, dwelling
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characteristics, education and employment status of parents or cases, and nutrition,

reported a positive association with risk of GAS infection, ARF or RHD. Crowding and socio-

economic status satisfactorily met the criteria of a causal association. There was substantial

heterogeneity across all key study aspects.

Conclusion

The extensive literature examining the role of social determinants in GAS infection, ARF

and RHD risk lacks quality. Most were observational, not interventional. Crowding as a

cause of GAS infection and ARF/RHD presents a practical target for prevention actions.

Author summary

Rates of rheumatic heart disease (RHD) are high in disadvantaged populations globally.

It results from acute rheumatic fever (ARF), a complication of Group A Streptococcal

(GAS) infection. These are described as diseases of poverty, but exactly what components

of poverty promote them has been unclear. The aim of this review was to find what spe-

cific social and environmental factors are associated with GAS infection, ARF and RHD,

and if actions targeting these can reduce disease rates. We did a search of published lit-

erature and found 90 relevant articles. Many supported an association between GAS

infection, ARF or RHD and crowding, dwelling characteristics, low education level and

employment status, poor nutrition and low social class. There was enough evidence to

show that crowding and socioeconomic disadvantage increase the risk of GAS infection

and ARF/RHD. However, most studies were of fair to poor quality in their ability to

answer the research question, and there was little interventional research. This may relate

to challenges inherent in intervening to change social determinants of health, but may

also suggest lesser research attention to health issues affecting disadvantaged populations.

The association between crowding and disease risk strongly supports initiatives to reduce

crowding. This should become a key target for ARF and RHD prevention.

Introduction

Rheumatic heart disease (RHD) is an important cause of cardiac morbidity and mortality in

disadvantaged populations globally [1–4]. It results from acute rheumatic fever (ARF), which

itself occurs as an abnormal immunological response to Group A Streptococcal (GAS) infec-

tion of the throat (streptococcal pharyngitis) and possibly streptococcal skin infection[5] in

susceptible hosts [6]. GAS pharyngitis is spread through direct person-to-person transmission

via saliva or nasal secretions [7]. Generally very few people will develop ARF after GAS expo-

sure, but it may be as high as 5 to 6% in certain groups with greater susceptibility and heavy

GAS exposure [8]. Recurrences of ARF cause progressive valvular damage, with between 50

and 75% of cases progressing to RHD [8]. RHD is a chronic and debilitating condition charac-

terised by complications such as arrhythmias and heart failure [6]. ARF and RHD most often

affect children and young adults [2]. The true burden of the disease is expected to be far higher

than the benchmark estimates, but even at conservative calculations, it is equivalent to approx-

imately one quarter of the global DALY burden of cancer [3].

Globally, ARF and RHD are almost exclusively seen in developing nations or among disad-

vantaged populations within developed nations [2]. Among populations safeguarded by high
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standards of living, RHD rates are virtually zero. This dramatic contrast highlights the influ-

ence of environmental, economic, social and behavioural conditions on risk of GAS infection

and progression to ARF and RHD. Despite the role of social determinants of health in disease

genesis, key RHD control programs and guidelines[4, 9, 10] do not specifically address pri-

mordial prevention. Primordial prevention aspires to establish and maintain conditions to

minimize hazards to health. It consists of actions and measures that inhibit the emergence and

establishment of environmental, economic, social and behavioural conditions, cultural pat-

terns of living known to increase the risk of disease[11]–that is, strategies that aim to eliminate

exposure to risk factors in the first place. Current strategies focus on primary prevention (early

detection and treatment of GAS infections), secondary prevention (delivering intramuscular

penicillin every four weeks) and tertiary prevention (medical and surgical management of

heart failure) [12]. These cornerstones of RHD control are heavily reliant on health care ser-

vices being available and accessible, a sufficient level of health literacy and appropriate health

seeking behaviour among the general population, and ongoing commitment from cases to

receive their injections. However, in settings of poverty or marginalisation, these elements can-

not be guaranteed. Furthermore, medical treatment and case management can reduce morbid-

ity and mortality, but they will not change the underlying risk to vulnerable populations [13].

Therefore primordial prevention should be part of a comprehensive strategy to eliminate

RHD as a public health problem–a global goal [14]. But while ARF and RHD are generally

referred to as ‘diseases of poverty’,[1–4] there is uncertainty about what specific aspects of pov-

erty create the conditions that cause RHD. In order to implement evidence-based preventive

strategies at the primordial level, more needs to be understood about the relative contribution

of the individual components of poverty, such as household crowding, educational attainment,

employment, income, nutrition and overall socioeconomic status to RHD risk. Additionally,

evidence for any public health interventions targeting these primordial-level factors needs

evaluating.

To provide the evidence base for primordial-level preventative interventions to control

RHD, we undertook a systematic review with two aims: to determine the association between

social determinants of health and GAS infection, ARF and RHD, and to determine the effect

on GAS infection, ARF and RHD of interventions targeting these determinants.

Methods

Search strategy

We conducted a systematic literature review on the association between socioeconomic and

environmental factors and GAS infection, ARF or RHD, and on the impact of interventions

targeting these factors.

The search was conducted between August and October 2016 and eligible articles were

identified by searching three databases: PubMed, Cochrane Library and Embase. MeSH terms,

key words and Emtree terms (Embase thesaurus headings) searches were conducted. See S1

Table for full details of the search strategy.

All titles and available abstracts were screened by one author (PC). Articles were eligible for

inclusion in the analysis of interventions if they were in English, reported on an intervention

that encompassed: health promotion, education, or behaviour change targeting social determi-

nants of GAS infection (including impetigo), ARF, or RHD; the provision of hygiene hard-

ware, aids or household infrastructure; or household crowding reduction. Interventions could

be at an individual, household, health centre, school or community level. Inclusion criteria for

observational studies were that they must have reported on at least one socioeconomic or envi-

ronmental variable and its relationship with GAS infection including impetigo), ARF or RHD

The role of social determinants in RHD and its precursors
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incidence or prevalence, measured objectively at an individual, ecologic or population level

with a comparison group (either study controls or use of population data e.g. census). Studies

were excluded: if they were not in English; assessed pharmacological interventions only; were of

very poor quality; or provided only a subjective appraisal of or no description of methods for

ascertaining socioeconomic and environmental factors. No restrictions were set with regards to

date of publication. Factors specified in the search strategy included: crowding (household or

other settings), income, dwelling characteristics, education level, occupation/employment,

social class, and nutrition. These were chosen through a scoping scan of selected literature

sources informed by the authors’ prior knowledge in this area. There were no limitations on

participant age, setting, geographic location or publication date of the studies. References of

selected studies were searched for further articles not covered in the primary search strategy.

The primary outcome was reduction in GAS infection, ARF, or RHD from an intervention

targeting a socioeconomic or environmental factor. The secondary outcome was evidence of a

causal relationship or association of GAS infection, ARF or RHD with specific social determi-

nants of health.

The full text of the articles were reviewed by the same author (PC) and data were extracted

to a template that included information on article details (title, year, first author), study type,

study methodology, participants and setting, outcomes, and additional notes including salient

points from the discussion or authors’ conclusions. Study quality and risk of bias pertaining to

measurement of determinants and outcomes of interest to this review were assessed for each

study using the National Institute of Health Study Quality Assessment Tool,[15] with the

appropriate template used based on the study type (S1 Text). Ecologic studies were judged on

additional criteria as described in Dufault and Klar (2011) [16]. Study quality as relevant to

this review was rated as: very poor (subsequently excluded), poor, fair, fair to good and good.

Descriptive analysis

Descriptive analysis involved recording the frequency of specific factors measured across the

studies and whether a statistically significant association with GAS infection, ARF or RHD was

identified, the direction of the association (considered positive if greater degrees of the factor

of interest were associated with higher disease rates), mixed, negative, possible or not found. A

p value of<0.05 was used to define a statistically significant association. ‘Possible’ designated a

reported positive association where a test of significance was not provided, nor means to calcu-

late one. ‘Mixed’ designated a combination of positive, negative or absence of association for

different measures of the same variable. Results for GAS infection were presented separately

and ARF/RHD to reflect the different epidemiology and natural history of the conditions.

The findings were synthesised in the context of study quality and strengths and limitations

of findings. Systematic reviews (n = 4) were reviewed for quality and findings separately.

The evidence of the link between each of the main factors explored and GAS infection, ARF

and RHD was assessed against the Bradford Hill criteria, a set of nine guiding principles for

interpreting causal relationships between environmental influences and disease. The criteria

are: strength of association, consistency, temporality, biological gradient, plausibility, coher-

ence, experiment, specificity and analogy [17].

Statistical analysis

The studies were too heterogeneous in exposure and outcome measures for meta-analysis.

In some instances where statistical testing was not performed in the original study, but

enough data were presented to allow analysis to be undertaken (i.e. a 2 X 2 table with denomi-

nators), simple tests of significance (chi-squared, odds ratio (OR) with 95% confidence
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intervals, or relative risk (RR)) were calculated using the Tables for Epidemiologists function

in Stata 13.1 (Statacorp, Texas 2013). These additional analyses are indicated in S2–S8 Tables.

Statistical analysis was conducted to check for correlation of study type, quality of study

(fair or greater), outcome of interest (GAS infection, ARF or RHD) and positive outcomes

using chi-squared and Fisher’s exact tests of significance. Correlation between year of publica-

tion and study quality was analysed using binomial variables of published in previous 20 years

(>1996) and study quality equal to or greater than fair. Analysis was carried out using Stata

13.1 (Statacorp, Texas 2013).

This review adheres to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) checklist (S1 Checklist) [18].

Results

Overview

The search strategy identified 1,164 articles in PubMed, 273 articles in Embase and 84 articles

in the Cochrane Library (S1 Fig). An additional 21 study articles were recovered from manual

reference searches of the selected articles. Of these 114 were selected on the basis of title and

abstract. The full text was unavailable for eight articles. The full texts of the remaining articles

were reviewed and of these one article was excluded due to being very poor quality as were two

studies from an article [19] of three studies were excluded. Hence 90 articles met the inclusion

criteria comprising 91 individual studies included in the general analysis, as one article con-

tained two separate studies (Table 1) [20].

Several articles were based on the same study population. Two articles by McDonald et al.

(2006) [21] (2008) [22] shared the same participants and a third, a subset of these [5]. The arti-

cles authored by Adanja et al.(1988) [23] (1991) [24] and Vlajinac et al. (1989) [25] (1991) [26]

utilised the same participants, as did two studies by Zaman(1998a) [27] (1998b) [28]. Four sys-

tematic reviews were analysed separately [2, 29–31].

33 studies reported ARF as the outcome, 27 reported RHD, 10 reported both, and 21

reported GAS infection. There were 16 case control studies, [23–28, 32–41] nine case series,

[42–50] 12 cohort studies, [5, 21, 51–61] one control trial, [62] 28 cross section studies, [19,

63–89] 22 ecologic studies, [20, 90–105] and three randomised controlled trials (RCT) [106–

108]. Studies were conducted in 27 countries with two studies including data from multiple

countries.

The quality of the studies in design or ability to answer the research question was rated as

poor in 45 (50.5%). Only three studies graded as being of good quality. Studies that were case

series were most likely to be of poor quality. Two of the three RCTs, seven of 16 (43.8%) case

control, and five of 12 (41.7%) cohort studies were of at least fair quality. Studies published

after 1996 (25 of 37) were more likely to be of fair or better quality than those published earlier

(6 of 54) (OR 16.7, 95% CI 5.59 to 49.71). Study quality was not associated with outcomes.

12 studies (57.1%) reported a positive relationship between at least one socioeconomic fac-

tor and risk of GAS infection, and 35 studies (50.0%) reported a positive relationship between

a socioeconomic factor and risk of either ARF or RHD.

The likelihood of positive findings was not associated with publication after 1996 or study

quality. 100% of the case control studies reported at least one positive association of a socioeco-

nomic factor with disease rates compared to 64.9% of other studies (Fisher’s exact p = 0.002).

Crowding

50 studies assessed the association between crowding and GAS infection (14 studies), ARF (16

studies), RHD (15 studies) or a combination (5 studies) (Tables 1 and 2; S2 Table). The most
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Table 1. Summary of included studies with outcome of GAS infection, including findings, study type and quality assessment.

Crowding Dwelling characteristics and facilities Education Employment Income Nutrition Socioeconomic status

Number of studies, n 14 7 1 0 3 0 6

Association with GAS infection, n

(%)

Positive 6 (42.9) 4 (57.1) 0 (0.0) NA 1 (33.3) NA 3 (50.0)

Mixed 2 (14.3) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0)

Possible 1 (7.1) 0 (0.0) 0 (0.0) 1 (33.3) 0 (0.0)

No association 5 (35.7) 3 (42.9) 1 (14.3) 0 (0.0) 3 (50.0)

Study type, n (%)

Case control 1 (7.1) 0 (0.0) 0 (0.0) NA 0 (0.0) NA 0 (0.0)

Case series 1 (7.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cohort 6 (42.9) 2 (28.6) 0 (0.0) 1 (33.3) 2 (33.3)

Control trial 1 (7.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cross section 4 (28.6) 2 (28.6) 1 (14.3) 2 (66.7) 2 (33.3)

Ecologic 1 (7.1) 0 (0.0) 0 (0.0) 0 (0.0) 2 (33.3)

Randomised control trial 0 (0.0) 3 (42.9) 0 (0.0) 0 (0.0) 0 (0.0)

Quality assessment, n (%)

Good 1 (7.1) 1 (14.3) 0 (0.0) NA 0 (0.0) NA 1 (16.7)

Fair to good 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7)

Fair 2 (14.3) 1 (14.3) 0 (0.0) 0 (0.0) 1 (16.7)

Poor to fair 3 (21.4) 2 (28.6) 0 (0.0) 1 (33.3) 2 (33.3)

Poor 8 (57.1) 3 (42.9) 1 (14.3) 2 (66.7) 3 (50.0)

https://doi.org/10.1371/journal.pntd.0006577.t001

Table 2. Summary of included studies with outcome of ARF and/or RHD, including findings, study type and quality assessment.

Crowding Dwelling characteristics and facilities Education Employment Income Nutrition Socioeconomic status

Number of studies, n 36 19 16 15 18 15 36

Association with ARF/RHD, n (%)

Positive 11 (30.6) 6 (31.6) 4 (21.1) 5 (33.3) 6 (33.3) 4 (26.7) 16 (44.4)

Mixed 10 (27.8) 6 (31.6) 6 (31.6) 3 (20.0) 1 (5.6) 8 (53.3) 2 (5.6)

Possible 9 (25.0) 1 (5.3) 0 (0.0) 2 (13.3) 2 (11.1) 1 (6.7) 10 (27.8)

No association 6 (16.7) 6 (31.6) 6 (31.6) 5 (33.3) 9 (50.0) 2 (13.3) 8 (22.2)

Study type, n (%)

Case control 12 (33.3) 10 (52.6) 9 (47.4) 7 (46.7) 9 (50.0) 7 (46.7) 4 (11.1)

Case series 3 (8.3) 1 (5.3) 1 (5.3) 0 (0.0) 2 (11.1) 1 (6.7) 4 (11.1)

Cohort 3 (8.3) 2 (10.5) 1 (5.3) 3 (20.0) 1 (5.6) 1 (6.7) 1 (2.8)

Control trial 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cross section 11 (30.6) 5 (26.3) 2 (10.5) 3 (20.0) 2 (11.1) 5 (33.3) 14 (38.9)

Ecologic 7 (19.4) 1 (5.3) 3 (15.8) 2 (13.3) 4 (22.2) 1 (6.7) 13 (36.1)

Randomised control trial 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Quality assessment, n (%)

Good 1 (2.8) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.6) 0 (0.0) 1 (2.8)

Fair to good 4 (11.1) 4 (21.1) 3 (15.8) 1 (6.7) 3 (16.7) 3 (20.0) 1 (2.8)

Fair 10 (27.8) 3 (15.8) 5 (26.3) 6 (40.0) 3 (16.7) 5 (33.3) 11 (30.6)

Poor to fair 6 (16.7) 3 (15.8) 3 (15.8) 3 (20.0) 2 (11.1) 2 (13.3) 4 (11.1)

Poor 15 (41.7) 9 (47.4) 5 (26.3) 5 (33.3) 9 (50.0) 5 (33.3) 19 (52.8)

1Note studies may appear more than once if they assessed more than one factor e.g. crowding and education.

https://doi.org/10.1371/journal.pntd.0006577.t002
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common measures of crowding were: persons per household, room, bedroom or bed; number

of children or siblings; dwelling space; and sleeping space per person. 12 of 21(57.1%) studies

noted a positive association between crowding and the different outcomes of GAS infection, 9

of 16 (56.3%) with ARF, and9 of 15 with RHD (60.0%) and combinations thereof (60.0%),

though only 14 found consistent associations across all measures of crowding (42.9% among

studies of GAS infection and 30.6% among ARF/RHD). A further 10 studies reported a possi-

ble association between crowding and GAS infection, ARF or RHD risk but did not provide a

test of significance nor means to calculate one.

Of the 11 studies that assessed crowding after adjusting for one or more independent vari-

ables such as household income, seven noted a residual association between crowding and the

outcome of interest. Two case control and three ecologic studies demonstrated a continuous

effect gradient between crowding and risk of GAS infection, [38] ARF, [41, 90, 109] and RHD

[96].

The remaining 11 (22%) studies that examined an association between crowding and dis-

ease rates did not demonstrate any association between crowding and disease risk.

Dwelling characteristics and facilities

Dwelling characteristics and facilities were assessed across a variety of measures such as gen-

eral housing condition, construction type, specific characteristics (e.g. dampness, ventilation),

or facilities (e.g. water, electricity, toilets) in relationship to GAS infection in seven studies and

ARF/RHD in 19 (Tables 1 & 2; S3 Table). Four of seven studies reported positive or mixed

associations between dwelling characteristics or facilities with increased GAS infection rates,

eight of nine with ARF, two of eight with RHD, and both of the studies that assessed ARF and

RHD together. General poor condition or standard of housing was associated with increased

risk of ARF or RHD in five of nine studies and type of housing construction or material was

associated with GAS infection, ARF or RHD risk in six of nine. Home dampness was associ-

ated with ARF in five of seven studies (three of these analysed the same population). There

were no clear trends among other specific housing characteristics and facilities (e.g. electricity,

kitchen facilities, light, potable water, sewerage, and ventilation) and GAS infection or ARF/

RHD.

Three diverse RCTs assessed interventions aimed to induce or reduce acquisition of GAS

or its sequelae through common household fomites [106, 108] or hygiene practices [107]. Of

these only Luby et al’s (2005) RCT demonstrated an effect on GAS related disease (impetigo).

Over 4,600 children were randomised to receive hand washing promotion and antibacterial

soap, hand washing promotion and plain soap, or no intervention. The mean impetigo inci-

dence was 36% and 24% lower among the antibacterial and plain soap groups compared to the

control group respectively.

Education

The education level of mothers, fathers and cases themselves were explored across 17 studies,

with 16 studies reporting ARF/RHD as the outcome (Tables 1 & 2; S4 Table). Low maternal

education or literacy was positively associated with ARF incidence in two of three studies,

though these two studies shared the same population [23, 25]. Two studies [26, 46] reported

results of multivariable analyses and found that maternal education remained associated with

ARF after adjusting for other variables. Low maternal literacy was associated with both ARF

and RHD in another study [35] and RHD prevalence in one [56] of two studies, [33] but this

relationship did not hold in multivariate analysis. There were no clear trends for education lev-

els of fathers, parents combined, or of cases with any of the outcomes.
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Employment

The relationship between employment and ARF/RHD was explored in 15 studies. No studies

examined relationship between employment and risk of GAS infection (Tables 1 & 2; S5

Table). Maternal employment was considered a marker of social or economic disadvantage
rather than advantage in four studies. In these studies, maternal employment was positively

association with ARF in two of two studies, [23, 41] and with both ARF and RHD in another

study, [35] but was not associated with RHD risk in Mirabel et al’s study (2015) [56]. In con-

trast, a Fijian based case control study measured maternal employment as a marker of socio-

economic advantage and found maternal unemployment was associated with RHD prevalence

[33]. There were no associations in any of the five studies that assessed paternal employment

[33, 35, 41, 54, 65]. Employment status (unemployment/low class occupation) of the case was

found to be associated with RHD in three [40, 61, 76] of four studies [72].

Findings of the three studies that reported GAS infection risk and low income were diverse

(Table 1; S6 Table). For ARF/RHD, six of 18 studies reported a positive relationship with low

income, while nine demonstrated no association (Table 2). In three studies that undertook

multivariate analyses, a positive association was retained in one, [90] but lost in two [36, 40].

The method of assessing income (strata, a binomial measure or comparison of mean

income) did not affect the likelihood of reporting an association.

Nutrition

15 studies (covering 12 separate study populations) assessed the relationship between nutrition

and ARF or RHD using either dietary intake or anthropometric measures (Tables 1 & 2; S8

Table). Four (26.7%) reported only significant associations between nutritional impairment

and ARF or RHD, though tended to only report one simple measure (e.g. low weight or BMI)

[26, 74]. A further eight (53.3%) studies demonstrated mixed results.

Socioeconomic status

The relative social position of cases compared to non-cases or to the general population was

based on geographical, economic, occupational and social factors, or was based on the owner-

ship of specific assets. Socioeconomic status (SES) or social class was assessed in six studies

reporting GAS infection as an outcome, and 36 studies reporting ARF/RHD, with three (50%)

and 16 (44.4%) respectively showing a definite association (Tables 1 & 2; S8 Table). A further

10 studies showed a possible association between lower social class with ARF/RHD (i.e. studies

that did not provide a statistical test of the apparent relationship between ARF and RHD);

nearly all had ecologic designs. 10 studies were able to demonstrate a clear gradient of social

class and GAS infection,[20] ARF[87, 90] or RHD[63, 67, 71, 77, 98, 110] risk, with several oth-

ers suggestive of a gradient.

Systematic reviews

Four systematic reviews of risk factors for GAS infection, ARF or RHD were identified [2, 29–

31]. Only one used a systematic search method for social and environmental risk factors for

GAS infection, ARF or RHD [29] and none identified the number of studies found for inclu-

sion in the present review. All four reviews explored SES or poverty in some way. In addition,

Kerdemelidis et al (2010) [29] and Steer et al (2002) [30] reviewed crowding, nutrition, and

housing factors. The quality of the four studies ranged from poor to fair according to our crite-

ria for measurement of determinants and outcomes of interest to this review, and no review

produced firm conclusions.
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Factors assessed against the Bradford Hill Criteria

Each socioeconomic or environmental factor was assessed against the Bradford Hill criteria to

establish whether a causal relationship with RHD and its antecedents was supported by the evi-

dence contained in this review (Table 3). Crowding provided a sufficient weight of evidence across

the criteria to support a causal relationship, as did socioeconomic status to a lesser extent.

The strengths of the observed relationships of crowding and outcomes were modest; odds

ratio or relative risk calculations for binary outcomes (i.e. crowded vs. not crowded whether at

a bed, bedroom or housing level) produced around a twofold likelihood or risk of GAS infec-

tion, ARF and RHD. In Jaine et al’s ecologic study of ARF cases across New Zealand, after

adjusting for average income and number of children aged 5–14 years, the authors noted that

a 1% increase in the proportion of households defined as being crowded conferred a 6.5%

increase in the expected ARF count at a census area unit level [90].

Regarding consistency, 29 of the 50 studies that assessed crowding reported statistical evi-

dence of an association with GAS infection, ARF or RHD risk. Further studies demonstrated

an apparent relationship but did not conduct any significance testing.

The necessary criteria of temporality between cause and effect was met.

While an individual may experience housing instability or change, the characteristics rele-

vant to crowding, e.g. amount of bedrooms a family can afford, is not likely to change greatly

during an individual’s childhood [23, 98]. Therefore a point in time capture of data (as in a

cross-sectional study) would be likely to represent the living conditions that a case was subject

to prior to the development of the condition. As previously described 5 studies demonstrated a

gradient in the relationship between crowding and GAS infection, ARF or RHD [38, 41, 90,

96, 109].

The biological mechanism by which crowding exerts its effect on ARF and RHD is via its

relationship to GAS acquisition. Crowding fosters intimate contact and consequent GAS

transmission directly by human-to-human contact and via droplet spread [123]. Higher GAS

infection rates increase the chance that from any one event ARF sequelae will develop. The

role of household crowding as the chief driver of GAS transmission was demonstrated in

Levine et al’s large cohort study (1966) [38]. Here, GAS infections were not randomly distrib-

uted throughout the cohort but clustered within discrete family units as evidenced by high

serological concordance between positive family members. The cause and effect interpretation

of crowding and GAS acquisition coheres with our knowledge of the natural history and biol-

ogy of these conditions.

There were no experimental studies assessing crowding and GAS infection, ARF or RHD

risk. The closest such evidence comes from findings of an US Air Base Streptococcal Labora-

tory [50]. This group reported higher acquisition rates of GAS in new army recruits relating to

the vicinity of their bed to a known GAS carrier and the amount of carriers within each bar-

racks. In this study, rates of GAS acquisition in new (unexposed) recruits was documented in

relation to their distance from the untreated colonised index case, showing a gradient effect;

closer proximity was associated with higher risk, giving the study an almost quasi-experimen-

tal design. However, this study failed to test whether an intervention against crowding (i.e.

actively moving beds further away) was an effective means of decreasing GAS transmission.

Crowding does not exhibit specificity for GAS infection and its sequelae. It is an established

health risk for transmissible diseases, especially of those with epidemic potential where out-

breaks are more frequent and more severe when the population density is high [124]. An anal-

ogy to the droplet transmission of GAS and its predilection among children are offered by the

firm observations of the link between crowding and meningococcal infection[111–113] and

respiratory syncytial virus [114, 115, 125].
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Table 3. Bradford Hill criteria for evidence of causation as applied to the relationship of GAS infection, ARF and RHD with social determinant factors.

Criteria Crowding Dwelling

characteristic and

facilities

Education Employment Income Nutrition Socioeconomic status

Strength Between 1.7 and

2.8 fold risk across

various measures

of crowding

Between 2.3 and 3.5

fold risk with

dampness; 1.8 to 3.6

fold risk with poor

construction/material

type.

Small number of

studies reporting

strength for other

measures

Between 1.7 and

3.9 higher odds

of disease with

low maternal

literacy

Small number of

studies reporting

strength with wide

distribution

Small number

of studies

reporting

strength

Between 1.4 and 2.7

fold risk for

underweight.

Small number of

studies reporting

strength for other

measures

Range between 1.5 and

5 fold risk among

lowest SES compared

to middle and high

SES groups

Consistency 29/50 (58%)

reported positive

associations across

many study types

16/26 (61.5%)

reported positive

associations

No No No No Yes: when clear

measures of SES

assessed

Temporality Yes: factor likely

to be longstanding

Yes: factor likely to be

longstanding

Yes: education

of mother or

father precedes

life of child

Yes: for

employment of

parents, not

necessarily for case

Yes: factor

likely to be

longstanding

Unknown: Chronic

RHD could contribute

to poor growth in

children.

Yes: factor likely to be

longstanding

Biological

gradient

Yes: 5 studies No No No Yes: 1 study No Yes: 10 studies

Plausibility Yes: GAS spread

via close contact

No plausible

mechanisms

discussed for dwelling

characteristics.

Use of soap is an

effective means for

removing

microorganisms from

hands and body.

Yes: maternal

literacy impacts

on hygiene

practices, care-

seeking and

treatment

behaviours

Indirectly:

unemployment/

lower class

employment relates

to income, access to

health care etc.

Yes: income

impacts on

access to health

care services

and material

conditions

Yes: nutritional

deficiencies are

associated with poor

immune response to

infection

Indirectly: social class

relates to income,

access to healthcare

and living conditions.

Coherence Yes Insufficient evidence Yes Insufficient

evidence

Yes Yes Yes

Experiment No Mixed results-soap

reduced impetigo;

fomite intervention

did not change GAS

acquisition. Nil for

dwelling

characteristics

No No No Yes-very poor quality No

Specificity No No No No No Dietary

supplementation with

eggs was reported to

be associated with

lower ARF case

numbers

No

Analogy Meningococcal

disease [111–113]

and respiratory

syncytial virus

[114–116]

Housing

improvements

improve respiratory

health[117]

Increased

maternal literacy

associated with

decreased child

diarrhoeal

disease, fever

and respiratory

infection [118]

Higher adult

mortality rate

among lower

employment grades

[119]

Adult mortality

rate and income

[120]

Childhood

malnutrition has

strong relation with

risk of death from

diarrhoeal and acute

respiratory infections

[121]

Higher odds of

neglected tropical

diseases among

socioeconomically

disadvantaged groups

[122]

ARF: Acute rheumatic fever GAS: Group A Streptococcus SES: Socioeconomic status

https://doi.org/10.1371/journal.pntd.0006577.t003
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Socioeconomic status also compared favourably against the Bradford Hill criteria, however

the causal relationship is exerted through the influence of intermediary factors (e.g. crowding,

income, education), which individually do not carry the same weight of evidence. A gradient

of higher disease risk with lower socioeconomic status was demonstrated across ten studies.

Discussion

This systematic review identified 91 studies spanning 80 years that have assessed the relation-

ship of social and environmental factors of crowding, dwelling characteristics and facilities,

education, employment, income, nutrition and socioeconomic status with GAS infection,

ARF, and RHD. Nearly all studies were observational rather than intervention studies. Crowd-

ing was the most frequently assessed factor followed by socioeconomic status. The majority of

studies that assessed a measure of crowding and risk of GAS infection, ARF, or RHD reported

a positive association with crowding; as did those examining dwelling characteristics, educa-

tion levels and employment status of parents or cases, and nutrition. However, there was con-

siderable heterogeneity in measures used, study settings and outcome ascertainment.

We noted a lack of well-designed research and interventions aimed at unravelling poverty

as a mechanism for ARF and RHD, which is at odds with the widespread acceptance of ARF

and RHD as diseases of poverty [2]. This paradox is exemplified in the hopeful remarks of

Perry et al (1937)—the earliest study included in this review- that the noted association

between crowding and ARF be ‘the starting-point and not the end of research. . .and that [fur-

ther] research. . .may be fruitful in elucidating the aetiology of rheumatic heart disease and in

discovering means for its prevention’; [96] yet 80 years later there remains a paucity of evi-

dence of preventative actions at the primordial level.

This issue is well described among the neglected tropical diseases, [13, 122, 126, 127] a

diverse group of communicable diseases that cause significant burden of suffering and eco-

nomic impacts among poor and marginalised populations living in tropical and subtropical

regions [128]. Poverty creates the milieu for these diseases to flourish; the low resource settings

then exacerbate difficulties inherent in conducting high quality observational or interventional

research. Finally, the neglect of the social, economic, political and physical contexts in which

affected populations live, leaves the root causes unchanged [13, 122].

Given the study designs and limited quality of papers, we used the Bradford Hill criteria, a

set of guiding principles for interpreting links between environmental influences and disease,

as a pragmatic framework to consider the findings of this systematic review. These criteria are

not definitive rules, rather they provide an analytical framework to consider whether cause

and effect is the reasonable inference [129]. The weight of evidence in this systematic review

supports a causative relationship between crowding and promotion of GAS transmission, and

its rheumatic sequelae. Particular strengths were that evidence was collected across many

study types including prospective and retrospective cohort studies and covered diverse popula-

tion groups globally; features that enhance confidence in casual interpretation [129]. While the

presence of a biological gradient may not rule out confounding (as a confounder may also

exert a dose-response effect), it provides compelling evidence of a causative nature of this asso-

ciation. Furthermore, there is firm biologic plausibility, since GAS infection is transmitted by

close contact and the respiratory route [130]. It can be inferred that crowding plays a critical

mediating role between poverty and RHD prevalence, supported by those studies which

included multivariable analyses [35, 40, 74, 90, 97, 105].

Overall socioeconomic status also effectively met the Bradford Hill criteria for causation of

the outcomes of interest. Since this overarching category is collinear with (and either deter-

mined by or a determinant of) the other measures examined, it is not possible to tease out

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 11 / 22

https://doi.org/10.1371/journal.pntd.0006577


specifics relating to how each criterion was met. In general, it is well understood that rising

socioeconomic status, prior to availability of penicillin, was associated with a steady decline in

death rates from ARF in industrialised nations [131]. It is likely the combination of these

adverse factors that creates the environment that drives ARF and RHD risk among socioeco-

nomically disadvantaged populations. This compounding effect also explains why these factors

individually do not necessarily exert the same risk.

The other factors explored in this review had insufficient evidence to suggest causal links.

Dwelling characteristics frequently displayed an association with GAS infection, ARF, or RHD

risk, but measures were so heterogeneous and context specific that generalizability is impossible.

Further, authors consistently omitted a proposed mechanism to explain their findings. The role

of fomites in GAS transmission was not supported [106, 108]. Soap and hand-washing had an

impressive effect on reducing impetigo, but only one study explored this intervention [107].

Findings relating to education and employment were inconsistent. Specific nutritional interven-

tions were suggested and tested, but lacked scale and consistency. Studies that demonstrated the

association of low income and risk of GAS infection and associated diseases did not explore

which economic deficits confer the risk (e.g. unaffordability of health care, poor diet etc.). Gen-

eral explorations of income as a social determinant of heath cite that low income exerts a risk to

health through material deprivation (medical care, nutrition, housing, and sanitation) and

social participation (education, employment) [120]. The association of income in this instance

with RHD and its antecedents is likely a consequence of these intermediary factors.

Strengths and limitations

This systematic review is the most extensive review to date targeting observational and experi-

mental studies in the area of social determinants of health and GAS infection, ARF and RHD.

A limitation was the exclusion of non-English articles; nevertheless, a wide variety of countries

were represented. A further limitation was that all stages of article appraisal were undertaken

by one reviewer. However, a strict methodological process was followed utilising assessment

tools designed for each study type allowing greater specificity in appraisal and uniformity in

the reviewing process.

The poor quality of this body of evidence is the most critical limitation in guiding preventa-

tive actions; however, it would be erroneous to reject all findings. Rather it should be consid-

ered how probable or not it is that this diverse collection of studies dispersed in time, person

and place could all be flawed and biased in the same way. Confounding is another important

consideration in this review. Simple cause-effect relationships within social determinants of

health are not readily apparent [13, 132]- rather they are complex and are characterized by

multiple determinants, multiple outcomes, and multiple potential interactions [133]. That few

included studies undertook multivariate analysis is a limitation of this review, which is why it

was important to highlight their results explicitly in this analysis.

Many studies presented outcomes at a group or ecological level rather than an individual

level. However, assessing social determinants of health at the group level is also important

because people do not live in isolation; a population level approach ensures that a wide variety

of contributing settings and activities are not inadvertently overlooked [134]. Also, these stud-

ies designs can reflect the interventions addressing the social determinants of health that are

aimed at the population level.

Finally, reporting bias is an important consideration in systematic reviews. The factors

extracted for this review were frequently not the primary outcome of studies, and so their

positive, neutral or negative findings would be less likely to influence whether a paper was

published.
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Implications for ARF and RHD control

Rather than re-describe the problem, the aim of this research was to guide solutions. In ARF

and RHD where treatment is logistically intensive and painful, [135] and vaccines or mass

drug administration are not currently available options, the case for action on the social deter-

minants that drive ARF and RHD risk is unquestionably convincing. Several candidate vac-

cines are in development, [136] but even if found to be safe and effective, not all at-risk

populations would be able to readily access a new vaccine.

Based on these findings, we recommend that ARF and RHD control programs should

address household crowding—particularly in high-income countries where funding and

resourcing is more feasible. Structural crowding (inadequate living space including number of

bedrooms) must be addressed in collaboration with designers and providers of public housing

in partnerships that recognise housing needs to support good health.

Functional crowding (people sharing living spaces for safety, warmth or social cohesion,

especially in traditional societies) is more difficult to address, requiring in-depth cultural

understanding. For example, in Australian Aboriginal societies, rights and obligations around

accommodating extra people in a house must be respected in interventions to reduce house-

hold crowding [137]. Where close living is important culturally, ways to live safely in larger

households, focusing on ensuring adequate health literacy and washing facilities, need to be

implemented.

Site-specific tailoring of interventions are needed: publically-funded interventions in a cold

climate high RHD-burden setting for instance include the provision of household insulation

and heating to reduce functional bedroom crowding [138]. Conversely, in hot climates, con-

structing community swimming pools is an effective intervention to decrease GAS skin infec-

tions, [139] though pools must be adequately managed so as to not introduce other health

risks. Further practical interventions to mitigate the health risks arising from crowding

include: community development projects to improve health literacy pertaining to infection

transmission; creating community demand for sanitation and hygiene; [140] and effective

community consultation about factors to motivate change in behaviour.

Interventions to tackle socioeconomic status may be considered beyond the reach of medi-

cal research and health service delivery, but this is not so. Research and service delivery initia-

tives in high RHD-burden settings should ensure that they provide opportunities for

community engagement and employment; and funding bodies should ensure that initiatives

supporting strengthening of socioeconomic status are valued as being critical in disease

prevention.

RHD control programs, where they exist, should aim to routinely collect objective metrics

on social and environmental factors to further inform advocacy, tailor it to local needs and

add to the evidence base. Outcomes of advocacy should be interventions targeting social deter-

minants such as crowding reduction and hygiene hardware improvement; and these should be

accompanied by rigorous evaluation and sharing of findings.

Conclusion

Findings from this systematic review will be able to inform guidelines and policies regarding

primordial-level preventative interventions against GAS infection, ARF and RHD. The wide

body of evidence exploring links between certain social and environmental factors and these

conditions is limited by poor quality and a lack of interventional studies. Historically, this has

hampered the ability of control programs and guidelines to legitimately target these factors.

However, when scrutinized against the Bradford Hill criteria assessing the evidence of a causal

relationship, the link between overall socioeconomic status and crowding with ARF and RHD
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risk can be satisfactorily viewed as one of cause and effect. This clear and powerful message

should be reflected in ARF and RHD control efforts. A critical role for ARF and RHD control

programs and registers is to routinely collect and analyse data on these social determinants

alongside clinical markers of case management to inform future advocacy and interventions.

Supporting information

S1 Checklist. PRISMA checklist.

(DOCX)

S1 Text. National Institute of health Study Quality Assessment Tool template.

(PDF)

S1 Fig. PRISMA flow diagram.

(TIF)

S1 Table. Search strategy.

(PDF)

S2 Table. Summary of crowding and GAS infection, ARF and RHD.

(DOCX)

S3 Table. Summary of dwelling characteristics and facilities and GAS infection, ARF and

RHD.

(DOCX)

S4 Table. Summary of education and GAS infection, ARF and RHD.

(DOCX)

S5 Table. Summary of employment and GAS infection, ARF and RHD.

(DOCX)

S6 Table. Summary of income and GAS infection, ARF and RHD.

(DOCX)

S7 Table. Summary of nutrition and GAS infection, ARF and RHD.

(DOCX)

S8 Table. Summary of socioeconomic status and GAS infection, ARF and RHD.

(DOCX)

Author Contributions

Conceptualization: Pasqualina M. Coffey, Anna P. Ralph, Vicki L. Krause.

Data curation: Pasqualina M. Coffey.

Formal analysis: Pasqualina M. Coffey.

Methodology: Pasqualina M. Coffey, Vicki L. Krause.

Resources: Pasqualina M. Coffey.

Supervision: Anna P. Ralph, Vicki L. Krause.

Validation: Pasqualina M. Coffey.

Writing – original draft: Pasqualina M. Coffey.

Writing – review & editing: Pasqualina M. Coffey, Anna P. Ralph, Vicki L. Krause.

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 14 / 22

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s007
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s008
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s009
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s010
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006577.s011
https://doi.org/10.1371/journal.pntd.0006577


References
1. Ralph AP, Carapetis JR. Group a streptococcal diseases and their global burden. Current topics in

microbiology and immunology. 2013; 368:1–27. Epub 2012/12/18. https://doi.org/10.1007/82_2012_

280 PMID: 23242849.

2. Carapetis J, Steer A, Mulholland E. The Current Evidence for the Burden of Group A Streptococcal

Diseases. Geneva: World Health Organization, Development Department of Child and Adolescent

Health and Development.; 2005.

3. Wyber R, Zuhlke L, Carapetis J. The case for global investment in rheumatic heart-disease control.

Bulletin of the World Health Organization. 2014; 92(10):768–70. https://doi.org/10.2471/BLT.13.

134486 PMID: 25378731; PubMed Central PMCID: PMC4208481.

4. World Health Organization. Global Atlas on cardiovascular disease prevention and control. Geneva:

2011.

5. McDonald M, Brown A, Edwards T, Hope A, Amu M, Morey F, et al. Apparent contrasting rates of pharyn-

gitis and pyoderma in regions where rheumatic heart disease is highly prevalent. Heart, lung & circulation.

2007; 16(4):254–9. Epub 2007/06/22. https://doi.org/10.1016/j.hlc.2007.02.087 PMID: 17581789.

6. Remenyi B, Carapetis J, Wyber R, Taubert K, Mayosi BM, World Heart F. Position statement of the

World Heart Federation on the prevention and control of rheumatic heart disease. Nature reviews Car-

diology. 2013; 10(5):284–92. Epub 2013/04/03. https://doi.org/10.1038/nrcardio.2013.34 PMID:

23546444.

7. Centres for Disease Control. Group A Streptococcal Disease USA: CDC; 2016 [cited 2018 04/03/

2018]. Available from: https://www.cdc.gov/groupastrep/diseases-hcp/strep-throat.html.

8. Carapetis JR, Currie BJ, Mathews JD. Cumulative incidence of rheumatic fever in an endemic region:

a guide to the susceptibility of the population? Epidemiology and infection. 2000; 124(2):239–44. Epub

2000/05/17. PMID: 10813149; PubMed Central PMCID: PMCPMC2810907.

9. Gerber MA, Baltimore RS, Eaton CB, Gewitz M, Rowley AH, Shulman ST, et al. Prevention of rheu-

matic fever and diagnosis and treatment of acute Streptococcal pharyngitis: a scientific statement

from the American Heart Association Rheumatic Fever, Endocarditis, and Kawasaki Disease Commit-

tee of the Council on Cardiovascular Disease in the Young, the Interdisciplinary Council on Functional

Genomics and Translational Biology, and the Interdisciplinary Council on Quality of Care and Out-

comes Research: endorsed by the American Academy of Pediatrics. Circulation. 2009; 119(11):1541–

51. Epub 2009/02/28. https://doi.org/10.1161/CIRCULATIONAHA.109.191959 PMID: 19246689.

10. Watkins D, Zuhlke L, Engel M, Daniels R, Francis V, Shaboodien G, et al. Seven key actions to eradi-

cate rheumatic heart disease in Africa: the Addis Ababa communique. Cardiovascular journal of Africa.

2016; 27(3):184–7. Epub 2016/01/28. https://doi.org/10.5830/CVJA-2015-090 PMID: 26815006;

PubMed Central PMCID: PMCPMC5125265.

11. Last J. A Dictionary of Public Health. UK: Oxford University Press; 2007.

12. RHD Australia. About the disease- Rheumatic Heart Disease Darwin, Australia: RHD Australia Men-

zies School of Health Research; 2017 [cited 2017 03/07/2017]. Available from: https://www.

rhdaustralia.org.au/about-disease.

13. Allotey P, Reidpath DD, Pokhrel S. Social sciences research in neglected tropical diseases 1: the

ongoing neglect in the neglected tropical diseases. Health research policy and systems. 2010; 8:32.

Epub 2010/10/22. https://doi.org/10.1186/1478-4505-8-32 PMID: 20961461; PubMed Central PMCID:

PMCPmc2987896.

14. Yacoub M, Mayosi B, ElGuindy A, Carpentier A, Yusuf S. Eliminating acute rheumatic fever and rheu-

matic heart disease. Lancet (London, England). 2017; 390(10091):212–3. https://doi.org/10.1016/

S0140-6736(17)31608-2 PMID: 28721865.

15. NIH. Study Quality Assessment Tools Bethesda, US: Natiional Institutes of Health; 2014 [cited 2016

03/08/2016]. Available from: https://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/

cardiovascular-risk-reduction/tools.

16. Dufault B, Klar N. The quality of modern cross-sectional ecologic studies: a bibliometric review. Ameri-

can journal of epidemiology. 2011; 174(10):1101–7. https://doi.org/10.1093/aje/kwr241 PMID:

21940800.

17. Bradford Hill A. The Environment and Disease: Association of Causation? Proceedings of the Royal

Society of Medicine. 1965;May(58):295–300.

18. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews

and meta-analyses: the PRISMA statement. Journal of clinical epidemiology. 2009; 62(10):1006–12.

https://doi.org/10.1016/j.jclinepi.2009.06.005 PMID: 19631508.

19. Coburn AF. The concept of egg yolk as a dietary inhibitor to rheumatic susceptibility. Lancet (London,

England). 1960; 1(7129):867–70. Epub 1960/04/16. PMID: 13810795.

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 15 / 22

https://doi.org/10.1007/82_2012_280
https://doi.org/10.1007/82_2012_280
http://www.ncbi.nlm.nih.gov/pubmed/23242849
https://doi.org/10.2471/BLT.13.134486
https://doi.org/10.2471/BLT.13.134486
http://www.ncbi.nlm.nih.gov/pubmed/25378731
https://doi.org/10.1016/j.hlc.2007.02.087
http://www.ncbi.nlm.nih.gov/pubmed/17581789
https://doi.org/10.1038/nrcardio.2013.34
http://www.ncbi.nlm.nih.gov/pubmed/23546444
https://www.cdc.gov/groupastrep/diseases-hcp/strep-throat.html
http://www.ncbi.nlm.nih.gov/pubmed/10813149
https://doi.org/10.1161/CIRCULATIONAHA.109.191959
http://www.ncbi.nlm.nih.gov/pubmed/19246689
https://doi.org/10.5830/CVJA-2015-090
http://www.ncbi.nlm.nih.gov/pubmed/26815006
https://www.rhdaustralia.org.au/about-disease
https://www.rhdaustralia.org.au/about-disease
https://doi.org/10.1186/1478-4505-8-32
http://www.ncbi.nlm.nih.gov/pubmed/20961461
https://doi.org/10.1016/S0140-6736(17)31608-2
https://doi.org/10.1016/S0140-6736(17)31608-2
http://www.ncbi.nlm.nih.gov/pubmed/28721865
https://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools
https://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools
https://doi.org/10.1093/aje/kwr241
http://www.ncbi.nlm.nih.gov/pubmed/21940800
https://doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19631508
http://www.ncbi.nlm.nih.gov/pubmed/13810795
https://doi.org/10.1371/journal.pntd.0006577


20. Holmes MC, Rubbo SD. A study of rheumatic fever and streptococcal infection in different social

groups in Melbourne. The Journal of hygiene. 1953; 51(4):450–7. Epub 1953/12/01. PMID: 13118146;

PubMed Central PMCID: PMCPmc2217775.

21. McDonald MI, Towers RJ, Andrews RM, Benger N, Currie BJ, Carapetis JR. Low rates of streptococ-

cal pharyngitis and high rates of pyoderma in Australian aboriginal communities where acute rheu-

matic fever is hyperendemic. Clinical infectious diseases: an official publication of the Infectious

Diseases Society of America. 2006; 43(6):683–9. Epub 2006/08/17. https://doi.org/10.1086/506938

PMID: 16912939.

22. McDonald MJ, Towers RJ, Andrews R, Benger N, Fagan P, Currie BJ, et al. The dynamic nature of

group A streptococcal epidemiology in tropical communities with high rates of rheumatic heart disease.

Epidemiology and infection. 2008; 136(4):529–39. https://doi.org/10.1017/S0950268807008655

PMID: 17540052

23. Adanja B, Vlajinac H, Jarebinski M. Socioeconomic factors in the etiology of rheumatic fever. Journal

of hygiene, epidemiology, microbiology, and immunology. 1988; 32(3):329–35. Epub 1988/01/01.

PMID: 3198913.

24. Adanja BJ, Vlajinac HD, Marinkovic JP, Jarebinski MS. Rheumatic fever and diet. Israel journal of

medical sciences. 1991; 27(3):161–3. Epub 1991/03/01. PMID: 2016159.

25. Vlajinac H, Adanja B, Jarebinski M. Socio-economic factors and rheumatic fever occurrence. Differ-

ences between patients with and without frequent sore throat. Journal of hygiene, epidemiology,

microbiology, and immunology. 1989; 33(4):471–6. Epub 1989/01/01. PMID: 2625554.

26. Vlajinac H, Adanja B, Marinkovic J, Jarebinski M. Influence of socio-economic and other factors on

rheumatic fever occurrence. Eur J Epidemiol. 1991; 7(6):702–4. PMID: 1783067.

27. Zaman MM, Yoshiike N, Chowdhury AH, Nakayama T, Yokoyama T, Faruque GM, et al. Nutritional

factors associated with rheumatic fever. Journal of tropical pediatrics. 1998; 44(3):142–7. Epub 1998/

07/29. https://doi.org/10.1093/tropej/44.3.142 PMID: 9680778.

28. Zaman MM, Yoshiike N, Rouf MA, Haque S, Chowdhury AH, Nakayama T, et al. Association of rheu-

matic fever with serum albumin concentration and body iron stores in Bangladeshi children: case-con-

trol study. BMJ (Clinical research ed). 1998; 317(7168):1287–8. Epub 1998/11/07. PMID: 9804715;

PubMed Central PMCID: PMCPmc28708.

29. Kerdemelidis M, Lennon DR, Arroll B, Peat B, Jarman J. The primary prevention of rheumatic fever.

Journal of paediatrics and child health. 2010; 46(9):534–48. Epub 2010/09/22. https://doi.org/10.1111/

j.1440-1754.2010.01854.x PMID: 20854326.

30. Steer AC, Carapetis JR, Nolan TM, Shann F. Systematic review of rheumatic heart disease preva-

lence in children in developing countries: the role of environmental factors. Journal of paediatrics and

child health. 2002; 38(3):229–34. Epub 2002/06/06. PMID: 12047688.

31. Rothenbuhler M, O’Sullivan CJ, Stortecky S, Stefanini GG, Spitzer E, Estill J, et al. Active surveillance

for rheumatic heart disease in endemic regions: a systematic review and meta-analysis of prevalence

among children and adolescents. The Lancet Global health. 2014; 2(12):e717–26. Epub 2014/12/01.

https://doi.org/10.1016/S2214-109X(14)70310-9 PMID: 25433627.

32. Grave PE. Social and environmental factors in the aetiology of rheumatic fever. The Medical journal of

Australia. 1957; 44(18):602–8. Epub 1957/05/04. PMID: 13430060.

33. Dobson J, Steer AC, Colquhoun S, Kado J. Environmental factors and rheumatic heart disease in Fiji.

Pediatric cardiology. 2012; 33(2):332–6. Epub 2011/11/08. https://doi.org/10.1007/s00246-011-0139-

x PMID: 22057244.

34. Gray FG, Quinn RW, Quinn JP. A long-term survey of rheumatic and non-rheumatic families; with par-

ticular reference to environment and heredity. The American journal of medicine. 1952; 13(4):400–12.

PMID: 12985597.

35. Riaz BK, Selim S, Karim MN, Chowdhury KN, Chowdhury SH, Rahman MR. Risk factors of rheumatic

heart disease in Bangladesh: a case-control study. Journal of health, population, and nutrition. 2013;

31(1):70–7. Epub 2013/04/27. PMID: 23617207; PubMed Central PMCID: PMCPmc3702361.

36. Zaman MM, Yoshiike N, Chowdhury AH, Jalil MQ, Mahmud RS, Faruque GM, et al. Socio-economic

deprivation associated with acute rheumatic fever. A hospital-based case-control study in Bangladesh.

Paediatric and perinatal epidemiology. 1997; 11(3):322–32. Epub 1997/07/01. PMID: 9246693.

37. Kurahara DK, Grandinetti A, Galario J, Reddy DV, Tokuda A, Langan S, et al. Ethnic differences for

developing rheumatic fever in a low-income group living in Hawaii. Ethnicity & disease. 2006; 16

(2):357–61. Epub 2007/01/04. PMID: 17200684; PubMed Central PMCID: PMCPmc1643848.

38. Levine JI, Chapman SS, Guerra V, Cooper J, Krause RM. Studies on the transmission within families

of Group A hemolytic streptococci. J Lab Clin Med. 1966; 67(3):483–94. PMID: 5910156.

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 16 / 22

http://www.ncbi.nlm.nih.gov/pubmed/13118146
https://doi.org/10.1086/506938
http://www.ncbi.nlm.nih.gov/pubmed/16912939
https://doi.org/10.1017/S0950268807008655
http://www.ncbi.nlm.nih.gov/pubmed/17540052
http://www.ncbi.nlm.nih.gov/pubmed/3198913
http://www.ncbi.nlm.nih.gov/pubmed/2016159
http://www.ncbi.nlm.nih.gov/pubmed/2625554
http://www.ncbi.nlm.nih.gov/pubmed/1783067
https://doi.org/10.1093/tropej/44.3.142
http://www.ncbi.nlm.nih.gov/pubmed/9680778
http://www.ncbi.nlm.nih.gov/pubmed/9804715
https://doi.org/10.1111/j.1440-1754.2010.01854.x
https://doi.org/10.1111/j.1440-1754.2010.01854.x
http://www.ncbi.nlm.nih.gov/pubmed/20854326
http://www.ncbi.nlm.nih.gov/pubmed/12047688
https://doi.org/10.1016/S2214-109X(14)70310-9
http://www.ncbi.nlm.nih.gov/pubmed/25433627
http://www.ncbi.nlm.nih.gov/pubmed/13430060
https://doi.org/10.1007/s00246-011-0139-x
https://doi.org/10.1007/s00246-011-0139-x
http://www.ncbi.nlm.nih.gov/pubmed/22057244
http://www.ncbi.nlm.nih.gov/pubmed/12985597
http://www.ncbi.nlm.nih.gov/pubmed/23617207
http://www.ncbi.nlm.nih.gov/pubmed/9246693
http://www.ncbi.nlm.nih.gov/pubmed/17200684
http://www.ncbi.nlm.nih.gov/pubmed/5910156
https://doi.org/10.1371/journal.pntd.0006577


39. Wilcox EB, Galloway LS. Children with and without rheumatic fever. I. Nutrient intake, physique, and

growth. Journal of the American Dietetic Association. 1954; 30(4):345–50. Epub 1954/04/01. PMID:

13151805.

40. Okello E, Kakande B, Sebatta E, Kayima J, Kuteesa M, Mutatina B, et al. Socioeconomic and environ-

mental risk factors among rheumatic heart disease patients in Uganda. PloS one. 2012; 7(8):e43917.

Epub 2012/09/07. https://doi.org/10.1371/journal.pone.0043917 PMID: 22952810; PubMed Central

PMCID: PMCPmc3428272.

41. Hewitt D, Stewart A. Some epidemiological aspects of acute rheumatism. British journal of social med-

icine. 1952; 6(3):161–8. Epub 1952/07/01. PMID: 14954142; PubMed Central PMCID:

PMCPmc1037311.

42. Bach JF, Chalons S, Forier E, Elana G, Jouanelle J, Kayemba S, et al. 10-year educational pro-

gramme aimed at rheumatic fever in two French Caribbean islands. Lancet (London, England). 1996;

347(9002):644–8. Epub 1996/03/09. PMID: 8596378.

43. Brownell KD, Bailen-Rose F. Acute rheumatic fever in children. Incidence in a borough of New York

City. Jama. 1973; 224(12):1593–7. Epub 1973/06/18. PMID: 4740073.

44. Diamond EF. Hereditary and environmental factors in the pathogenesis of rheumatic fever. Pediatrics.

1957; 19(5):908–15. Epub 1957/05/01. PMID: 13431316.

45. Lennon D, Martin D, Wong E, Taylor LR. Longitudinal study of poststreptococcal disease in Auckland;

rheumatic fever, glomerulonephritis, epidemiology and M typing 1981–86. The New Zealand medical

journal. 1988; 101(847 Pt 2):396–8. PMID: 3045711.

46. Meira ZM, Goulart EM, Colosimo EA, Mota CC. Long term follow up of rheumatic fever and predictors

of severe rheumatic valvar disease in Brazilian children and adolescents. Heart (British Cardiac Soci-

ety). 2005; 91(8):1019–22. Epub 2005/07/16. https://doi.org/10.1136/hrt.2004.042762 PMID:

16020588; PubMed Central PMCID: PMCPmc1769032.

47. Potter EV, Svartman M, Poon-King T, Earle DP. The families of patients with acute rheumatic fever or

glomerulonephritis in Trinidad. American journal of epidemiology. 1977; 106(2):130–8. PMID: 888815.

48. Veasy LG, Tani LY, Hill HR. Persistence of acute rheumatic fever in the intermountain area of the

United States. The Journal of pediatrics. 1994; 124(1):9–16. PMID: 7802743.

49. Westlake RM, Graham TP, Edwards KM. An outbreak of acute rheumatic fever in Tennessee. The

Pediatric infectious disease journal. 1990; 9(2):97–100. Epub 1990/02/01. PMID: 2179847.

50. Wannamaker L. Chapter 12: The epidemiology of streptococcal infections. In: McCarthy M, editor.

Streptococcal infections. New York: Columbia University Press; 1954. p. 157–75.

51. McDonald MI, Towers RJ, Andrews R, Benger N, Fagan P, Currie BJ, et al. The dynamic nature of

group A streptococcal epidemiology in tropical communities with high rates of rheumatic heart disease.

Epidemiology and infection. 2008; 136(4):529–39. Epub 2007/06/02. https://doi.org/10.1017/

S0950268807008655 PMID: 17540052; PubMed Central PMCID: PMCPmc2870827.

52. Breese BB, Disney FA. The successful treatment of beta hemolytic streptococcal infections in children

with a single injection of repository penicillin (benzathine penicillin G). Pediatrics. 1955; 15(5):516–21.

PMID: 14370886.

53. Coggon D, Barker DJ, Inskip H, Wield G. Housing in early life and later mortality. Journal of epidemiol-

ogy and community health. 1993; 47(5):345–8. Epub 1993/10/01. PMID: 8289031; PubMed Central

PMCID: PMCPmc1059825.

54. Eriksson JG, Kajantie E, Phillips DI, Osmond C, Thornburg KL, Barker DJ. The developmental origins

of chronic rheumatic heart disease. American journal of human biology: the official journal of the

Human Biology Council. 2013; 25(5):655–8. Epub 2013/08/06. https://doi.org/10.1002/ajhb.22425

PMID: 23913477.

55. Jackson RL, Kelly HG, et al. Rheumatic fever recurrences in children without sulfonamide prophylaxis;

an evaluation of environmental factors. The Journal of pediatrics. 1947; 31(4):390–402. Epub 1947/

10/01. PMID: 20265775.

56. Mirabel M, Fauchier T, Bacquelin R, Tafflet M, Germain A, Robillard C, et al. Echocardiography

screening to detect rheumatic heart disease: A cohort study of schoolchildren in French Pacific

Islands. International journal of cardiology. 2015; 188:89–95. Epub 2015/04/19. https://doi.org/10.

1016/j.ijcard.2015.04.007 PMID: 25889336.

57. Nandi S, Kumar R, Ray P, Vohra H, Ganguly NK. Group A streptococcal sore throat in a periurban popu-

lation of northern India: a one-year prospective study. Bulletin of the World Health Organization. 2001; 79

(6):528–33. Epub 2001/07/05. PMID: 11436474; PubMed Central PMCID: PMCPmc2566441.

58. Quinn RW, Lowry PN, Zwaag RV. Significance of hemolytic streptococci for Nashville school children:

clinical and serologic observations. Southern medical journal. 1978; 71(3):242–6. Epub 1978/03/01.

PMID: 343255.

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 17 / 22

http://www.ncbi.nlm.nih.gov/pubmed/13151805
https://doi.org/10.1371/journal.pone.0043917
http://www.ncbi.nlm.nih.gov/pubmed/22952810
http://www.ncbi.nlm.nih.gov/pubmed/14954142
http://www.ncbi.nlm.nih.gov/pubmed/8596378
http://www.ncbi.nlm.nih.gov/pubmed/4740073
http://www.ncbi.nlm.nih.gov/pubmed/13431316
http://www.ncbi.nlm.nih.gov/pubmed/3045711
https://doi.org/10.1136/hrt.2004.042762
http://www.ncbi.nlm.nih.gov/pubmed/16020588
http://www.ncbi.nlm.nih.gov/pubmed/888815
http://www.ncbi.nlm.nih.gov/pubmed/7802743
http://www.ncbi.nlm.nih.gov/pubmed/2179847
https://doi.org/10.1017/S0950268807008655
https://doi.org/10.1017/S0950268807008655
http://www.ncbi.nlm.nih.gov/pubmed/17540052
http://www.ncbi.nlm.nih.gov/pubmed/14370886
http://www.ncbi.nlm.nih.gov/pubmed/8289031
https://doi.org/10.1002/ajhb.22425
http://www.ncbi.nlm.nih.gov/pubmed/23913477
http://www.ncbi.nlm.nih.gov/pubmed/20265775
https://doi.org/10.1016/j.ijcard.2015.04.007
https://doi.org/10.1016/j.ijcard.2015.04.007
http://www.ncbi.nlm.nih.gov/pubmed/25889336
http://www.ncbi.nlm.nih.gov/pubmed/11436474
http://www.ncbi.nlm.nih.gov/pubmed/343255
https://doi.org/10.1371/journal.pntd.0006577


59. Ransome OJ, Roode H, Spector I, Reinach SG. Pharyngeal carriage of group A beta-haemolytic

streptococci in coloured and Indian schoolchildren. South African medical journal = Suid-Afrikaanse

tydskrif vir geneeskunde. 1983; 64(20):779–81. PMID: 6356403.

60. Tay L, Chay SO. A three-year streptococcal survey among Singapore school children. Part I—Carrier-

ship of streptococci. Annals of the Academy of Medicine, Singapore. 1981; 10(1):14–24. Epub 1981/

01/01. PMID: 7025738.

61. Westerling R, Gullberg A, Rosen M. Socioeconomic differences in ’avoidable’ mortality in Sweden

1986–1990. International journal of epidemiology. 1996; 25(3):560–7. Epub 1996/06/01. PMID:

8671557.

62. Bernstein SH. Observations on the effects of housing on the incidence and spread of common respira-

tory diseases among Air Force recruits. Am J Hyg. 1957; 65(2):162–71. PMID: 13410907.

63. Agarwal AK, Yunus M, Ahmad J, Khan A. Rheumatic heart disease in India. Journal of the Royal Soci-

ety of Health. 1995; 115(5):303–4, 9. Epub 1995/10/01. PMID: 7473501.

64. Ba-Saddik IA, Munibari AA, Al-Naqeeb MS, Parry CM, Hart CA, Cuevas LE, et al. Prevalence of rheu-

matic heart disease among school-children in Aden, Yemen. Annals of tropical paediatrics. 2011; 31

(1):37–46. Epub 2011/01/26. https://doi.org/10.1179/1465328110Y.0000000007 PMID: 21262108.

65. Bassili A, Zaher SR, Zaki A, Abdel-Fattah M, Tognoni G. Profile of secondary prophylaxis among chil-

dren with rheumatic heart disease in Alexandria, Egypt. Eastern Mediterranean health journal = La

revue de sante de la Mediterranee orientale = al-Majallah al-sihhiyah li-sharq al-mutawassit. 2000; 6

(2–3):437–46. Epub 2001/09/15. PMID: 11556035.

66. Beaton A, Lu JC, Aliku T, Dean P, Gaur L, Weinberg J, et al. The utility of handheld echocardiography

for early rheumatic heart disease diagnosis: a field study. Eur Heart J Cardiovasc Imaging. 2015; 16

(5):475–82. Epub 2015/01/08. https://doi.org/10.1093/ehjci/jeu296 PMID: 25564396; PubMed Central

PMCID: PMCPmc4542771.

67. Bhave SY, Kinikar A, Sane S, Agarwal M, Amdekar YK. Epidemiology of streptococcal infection with

reference to rheumatic fever. Indian pediatrics. 1991; 28(12):1503–8. Epub 1991/12/01. PMID:

1819574.

68. Chaikitpinyo A, Panamonta M, Wongswadiwat Y, Weraarchakul W, Panamonta O, Panthongviriyakul

A, et al. Rheumatic and congenital heart diseases among school children of Khon Kaen, Thailand:

Declining prevalence of rheumatic heart disease. Asian Biomedicine. 2014; 8(5):645–50.

69. Faruq QO, Rashid AK, Ahmed J, Waiz A, Haque KM, Rouf MA, et al. Prevalence of streptococcal sore-

throat in the school children of Dhaka. Bangladesh Medical Research Council bulletin. 1995; 21

(3):87–94. Epub 1995/12/01. PMID: 8754284.

70. Hammon WM, Sather GE, Hollinger N. Preliminary report of epidemiological studies on poliomyelitis

and streptococcal infections; Lansing neutralizing antibody and antistreptolysin O surveys of California

cities, Texas, North Carolina, Mexico, Pacific Islands, and Japan. American journal of public health

and the nation’s health. 1950; 40(3):293–306. PMID: 15410283; PubMed Central PMCID:

PMCPMC1528413.

71. Imamoglu A, Ozen S. Epidemiology of rheumatic heart disease. Archives of disease in childhood.

1988; 63(12):1501–3. Epub 1988/12/01. PMID: 3233003; PubMed Central PMCID:

PMCPmc1779215.

72. Ledos PH, Kamblock J, Bourgoin P, Eono P, Carapetis JR. Prevalence of rheumatic heart disease in

young adults from New Caledonia. Archives of cardiovascular diseases. 2015; 108(1):16–22. Epub

2014/12/17. https://doi.org/10.1016/j.acvd.2014.07.053 PMID: 25511373.

73. Likitnukul S, Prapphal N, Tatiyakavee K, Nunthapisud P, Chumdermpadetsuk S. Risk factors of strep-

tococcal colonization in school age children. The Southeast Asian journal of tropical medicine and pub-

lic health. 1994; 25(4):664–71. Epub 1994/12/01. PMID: 7667710.

74. Longo-Mbenza B, Bayekula M, Ngiyulu R, Kintoki VE, Bikangi NF, Seghers KV, et al. Survey of rheu-

matic heart disease in school children of Kinshasa town. International journal of cardiology. 1998; 63

(3):287–94. Epub 1998/05/13. PMID: 9578357.

75. Lumsden RH, Akwanalo C, Chepkwony S, Kithei A, Omollo V, Holland TL, et al. Clinical and geo-

graphic patterns of rheumatic heart disease in outpatients attending cardiology clinic in western

Kenya. International journal of cardiology. 2016; 223:228–35. https://doi.org/10.1016/j.ijcard.2016.08.

069 PMID: 27541662

76. McLaren MJ, Hawkins DM, Koornhof HJ, Bloom KR, Bramwell-Jones DM, Cohen E, et al. Epidemiology

of rheumatic heart disease in black shcoolchildren of Soweto, Johannesburg. British medical journal.

1975; 3(5981):474–8. Epub 1975/08/23. PMID: 1156827; PubMed Central PMCID: PMCPmc1674319.

77. Periwal KL, Gupta BK, Panwar RB, Khatri PC, Raja S, Gupta R. Prevalence of rheumatic heart dis-

ease in school children in Bikaner: an echocardiographic study. The Journal of the Association of Phy-

sicians of India. 2006; 54:279–82. Epub 2006/09/02. PMID: 16944609.

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 18 / 22

http://www.ncbi.nlm.nih.gov/pubmed/6356403
http://www.ncbi.nlm.nih.gov/pubmed/7025738
http://www.ncbi.nlm.nih.gov/pubmed/8671557
http://www.ncbi.nlm.nih.gov/pubmed/13410907
http://www.ncbi.nlm.nih.gov/pubmed/7473501
https://doi.org/10.1179/1465328110Y.0000000007
http://www.ncbi.nlm.nih.gov/pubmed/21262108
http://www.ncbi.nlm.nih.gov/pubmed/11556035
https://doi.org/10.1093/ehjci/jeu296
http://www.ncbi.nlm.nih.gov/pubmed/25564396
http://www.ncbi.nlm.nih.gov/pubmed/1819574
http://www.ncbi.nlm.nih.gov/pubmed/8754284
http://www.ncbi.nlm.nih.gov/pubmed/15410283
http://www.ncbi.nlm.nih.gov/pubmed/3233003
https://doi.org/10.1016/j.acvd.2014.07.053
http://www.ncbi.nlm.nih.gov/pubmed/25511373
http://www.ncbi.nlm.nih.gov/pubmed/7667710
http://www.ncbi.nlm.nih.gov/pubmed/9578357
https://doi.org/10.1016/j.ijcard.2016.08.069
https://doi.org/10.1016/j.ijcard.2016.08.069
http://www.ncbi.nlm.nih.gov/pubmed/27541662
http://www.ncbi.nlm.nih.gov/pubmed/1156827
http://www.ncbi.nlm.nih.gov/pubmed/16944609
https://doi.org/10.1371/journal.pntd.0006577


78. Piper GW. Rural housing and rheumatic fever. Can J Public Health. 1970; 61(2):122–5. Epub 1970/

03/01. PMID: 5437937.

79. Poppi A, Labo G, Lenzi G, Rosa L. Epidemiology of rheumatic fever in a rural district in Italy, with par-

ticular reference to some environmental factors. Annals of the rheumatic diseases. 1953; 12(4):310–4.

Epub 1953/12/01. PMID: 13125232; PubMed Central PMCID: PMCPmc1030541.

80. Quinn RW, Watkins JH, Quinn JP. Rheumatic heart disease and crowding; a survey of rural and urban

Connecticut school children. American journal of public health and the nation’s health. 1948; 38

(8):1071–81. Epub 1948/08/01. PMID: 18876689; PubMed Central PMCID: PMCPmc1624530.

81. Quinn RW, Liao SJ, Quinn JP. An environmental and sociological study of rheumatic heart disease.

American journal of public health and the nation’s health. 1950; 40(10):1285–95. Epub 1950/10/01.

PMID: 14771314; PubMed Central PMCID: PMCPmc1528844.

82. Rizvi SF, Khan MA, Kundi A, Marsh DR, Samad A, Pasha O. Status of rheumatic heart disease in rural

Pakistan. Heart (British Cardiac Society). 2004; 90(4):394–9. https://doi.org/10.1136/hrt.2003.025981

PMID: 15020513; PubMed Central PMCID: PMCPMC1768176.

83. Rushdy AA, Cooke RP, Iversen AM, Pickering BJ. Boarding school outbreak of group A streptococcal

pharyngitis. Communicable disease report CDR review. 1995; 5(7):R106–8. Epub 1995/06/23. PMID:

7613586.

84. Saxena A, Ramakrishnan S, Roy A, Seth S, Krishnan A, Misra P, et al. Prevalence and outcome of

subclinical rheumatic heart disease in India: the RHEUMATIC (Rheumatic Heart Echo Utilisation and

Monitoring Actuarial Trends in Indian Children) study. Heart (British Cardiac Society). 2011; 97

(24):2018–22. Epub 2011/11/15. https://doi.org/10.1136/heartjnl-2011-300792 PMID: 22076022.

85. Spitzer J, Hennessy E, Neville L. High group A streptococcal carriage in the Orthodox Jewish commu-

nity of north Hackney. The British journal of general practice: the journal of the Royal College of Gen-

eral Practitioners. 2001; 51(463):101–5. Epub 2001/02/24. PMID: 11217620; PubMed Central

PMCID: PMCPmc1313922.

86. Steer AC, Kado J, Wilson N, Tuiketei T, Batzloff M, Waqatakirewa L, et al. High prevalence of rheu-

matic heart disease by clinical and echocardiographic screening among children in Fiji. The Journal of

heart valve disease. 2009; 18(3):327–35; discussion 36. Epub 2009/06/30. PMID: 19557993.

87. Thakur JS, Negi PC, Ahluwalia SK, Vaidya NK. Epidemiological survey of rheumatic heart disease

among school children in the Shimla Hills of northern India: prevalence and risk factors. Journal of epi-

demiology and community health. 1996; 50(1):62–7. Epub 1996/02/01. PMID: 8762356; PubMed Cen-

tral PMCID: PMCPmc1060206.

88. Vashistha VM, Kalra A, Kalra K, Jain VK. Prevalence of rheumatic heart disease in school children.

Indian pediatrics. 1993; 30(1):53–6. Epub 1993/01/01. PMID: 8406708.

89. Yazov L, Petros WG, Stump E. Epidemiological studies on rheumatic heart disease and streptococcal

carriers among school-children in Addis-Ababa, Ethiopia. Preliminary communication. Zeitschrift fur

Rheumatologie. 1978; 37(9–10):304–8. Epub 1978/09/01. PMID: 366968.

90. Jaine R, Baker M, Venugopal K. Acute rheumatic fever associated with household crowding in a devel-

oped country. The Pediatric infectious disease journal. 2011; 30(4):315–9. Epub 2010/10/16. https://

doi.org/10.1097/INF.0b013e3181fbd85b PMID: 20948456.

91. Krause RM. The influence of infection on the geography of heart disease. Circulation. 1979; 60

(5):972–6. Epub 1979/11/01. PMID: 487555.

92. Milne RJ, Lennon DR, Stewart JM, Vander Hoorn S, Scuffham PA. Incidence of acute rheumatic fever

in New Zealand children and youth. Journal of paediatrics and child health. 2012; 48(8):685–91. Epub

2012/04/13. https://doi.org/10.1111/j.1440-1754.2012.02447.x PMID: 22494483.

93. Morton WE, Lichty JA. Rheumatic heart disease epidemiology. II. Colorado’s high-risk low-socioeco-

nomic region in 1960. American journal of epidemiology. 1970; 92(2):113–20. Epub 1970/08/01.

PMID: 5430276.

94. Odio A. The incidence of acute rheumatic fever in a suburban area of Los Angeles. A ten-year study.

The Western journal of medicine. 1986; 144(2):179–84. Epub 1986/02/01. PMID: 3953087; PubMed

Central PMCID: PMCPmc1306555.

95. Pennock V, Bell A, Moxon TA, Reed P, Maxwell F, Lennon D. Retrospective epidemiology of acute

rheumatic fever: a 10-year review in the Waikato District Health Board area of New Zealand. The New

Zealand medical journal. 2014; 127(1393):26–37. Epub 2014/05/13. PMID: 24816954.

96. Perry B, Roberts F. A study on the variability in the incidence of rheumatic heart disease within the city

of Bristol. Rheumatic Health Disease in Bristol. 1937;Supplment:154–8.

97. Phillips DIW, Osmond C. Is susceptibility to chronic rheumatic heart disease determined in early

infancy? An analysis of mortality in Britain during the 20th century. Global Cardiology Science and

Practice. 2014; 2014(4).

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 19 / 22

http://www.ncbi.nlm.nih.gov/pubmed/5437937
http://www.ncbi.nlm.nih.gov/pubmed/13125232
http://www.ncbi.nlm.nih.gov/pubmed/18876689
http://www.ncbi.nlm.nih.gov/pubmed/14771314
https://doi.org/10.1136/hrt.2003.025981
http://www.ncbi.nlm.nih.gov/pubmed/15020513
http://www.ncbi.nlm.nih.gov/pubmed/7613586
https://doi.org/10.1136/heartjnl-2011-300792
http://www.ncbi.nlm.nih.gov/pubmed/22076022
http://www.ncbi.nlm.nih.gov/pubmed/11217620
http://www.ncbi.nlm.nih.gov/pubmed/19557993
http://www.ncbi.nlm.nih.gov/pubmed/8762356
http://www.ncbi.nlm.nih.gov/pubmed/8406708
http://www.ncbi.nlm.nih.gov/pubmed/366968
https://doi.org/10.1097/INF.0b013e3181fbd85b
https://doi.org/10.1097/INF.0b013e3181fbd85b
http://www.ncbi.nlm.nih.gov/pubmed/20948456
http://www.ncbi.nlm.nih.gov/pubmed/487555
https://doi.org/10.1111/j.1440-1754.2012.02447.x
http://www.ncbi.nlm.nih.gov/pubmed/22494483
http://www.ncbi.nlm.nih.gov/pubmed/5430276
http://www.ncbi.nlm.nih.gov/pubmed/3953087
http://www.ncbi.nlm.nih.gov/pubmed/24816954
https://doi.org/10.1371/journal.pntd.0006577


98. Quinn RW, Quinn JP. Mortality due to rheumatic heart disease in the socioeconomic districts of New

Haven, Connecticut. The Yale journal of biology and medicine. 1951; 24(1):15–21. Epub 1951/09/01.

PMID: 14884563; PubMed Central PMCID: PMCPmc2599086.

99. Quinn RW. Hemolytic streptococci in Nashville school children. Southern medical journal. 1980; 73

(3):288–96. Epub 1980/03/01. PMID: 6987739.

100. Roberts KV, Maguire GP, Brown A, Atkinson DN, Remenyi B, Wheaton G, et al. Rheumatic heart dis-

ease in Indigenous children in northern Australia: differences in prevalence and the challenges of

screening. The Medical journal of Australia. 2015; 203(5):221.e1–7. Epub 2016/02/08. PMID:

26852054.

101. Robin A, Mills C, Tuck R, Lennon D. The epidemiology of acute rheumatic fever in Northland, 2002–

2011. The New Zealand medical journal. 2013; 126(1373):46–52. Epub 2013/06/26. PMID:

23797076.

102. Rosati G, Granieri E, Pinna L, Aiello I, De Bastiani P, Tola R. The geographical distribution of multiple

sclerosis, rheumatoid arthritis, rheumatic heart disease and poststreptococcal nephritis in Sardinia: cli-

matic and socioeconomic factors. Journal of neurology. 1978; 219(1):27–35. Epub 1978/09/12. PMID:

81282

103. Siriett V, Crengle S, Lennon D, Stonehouse M, Cramp G. The epidemiology of rheumatic fever in the

Tairawhiti/Gisborne region of New Zealand: 1997–2009. The New Zealand medical journal. 2012; 125

(1365):8–15. Epub 2012/12/21. PMID: 23254495.

104. Smith MT, Lester-Smith D, Zurynski Y, Noonan S, Carapetis JR, Elliott EJ. Persistence of acute rheu-

matic fever in a tertiary children’s hospital. Journal of paediatrics and child health. 2011; 47(4):198–

203. Epub 2011/01/05. https://doi.org/10.1111/j.1440-1754.2010.01935.x PMID: 21199062.

105. Wedum AG, Wedum BG. Rheumatic Fever in Cincinnati in Relation to Rentals, Crowding, Density of

Population, and Negroes. American journal of public health and the nation’s health. 1944; 34

(10):1065–70. Epub 1944/10/01. PMID: 18016061; PubMed Central PMCID: PMCPmc1625273.

106. Falck G, Kjellander J, Schwan A. Recurrence rate of streptococcal pharyngitis related to hygienic mea-

sures. Scandinavian journal of primary health care. 1998; 16(1):8–12. Epub 1998/06/05. PMID:

9612872.

107. Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, et al. Effect of handwashing on

child health: a randomised controlled trial. Lancet (London, England). 2005; 366(9481):225–33. Epub

2005/07/19. https://doi.org/10.1016/S0140-6736(05)66912-7 PMID: 16023513.

108. Perry W, Siegel A, Rammelkamp C, Wannamaker L. Transmission of Group A Streptococci I. The

Role of Contaminated Bedding. American Journal of Hygiene. 1957; 66:85–95. PMID: 13444260

109. Gordis L, Lilienfeld A, Rodriguez R. Studies in the epidemiology and preventability of rheumatic fever.

II. Socio-economic factors and the incidence of acute attacks. Journal of chronic diseases. 1969; 21

(9):655–66. Epub 1969/02/01. PMID: 5770432.

110. Beaton A, Okello E, Lwabi P, Mondo C, McCarter R, Sable C. Echocardiography screening for rheu-

matic heart disease in Ugandan schoolchildren. Circulation. 2012; 125(25):3127–32. Epub 2012/05/

26. https://doi.org/10.1161/CIRCULATIONAHA.112.092312 PMID: 22626741.

111. Yezli S, Assiri AM, Alhakeem RF, Turkistani AM, Alotaibi B. Meningococcal disease during the Hajj

and Umrah mass gatherings. International journal of infectious diseases: IJID: official publication of

the International Society for Infectious Diseases. 2016; 47:60–4. Epub 2016/04/12. https://doi.org/10.

1016/j.ijid.2016.04.007 PMID: 27062987.

112. Deutch S, Labouriau R, Schonheyeder HC, Ostergaard L, Norgard B, Sorensen HT. Crowding as a

risk factor of meningococcal disease in Danish preschool children: a nationwide population-based

case-control study. Scand J Infect Dis. 2004; 36(1):20–3. Epub 2004/03/06. PMID: 15000554.

113. Baker M, McNicholas A, Garrett N, Jones N, Stewart J, Koberstein V, et al. Household crowding a

major risk factor for epidemic meningococcal disease in Auckland children. The Pediatric infectious

disease journal. 2000; 19(10):983–90. Epub 2000/10/31. PMID: 11055601.

114. Bont L, Checchia PA, Fauroux B, Figueras-Aloy J, Manzoni P, Paes B, et al. Defining the Epidemiol-

ogy and Burden of Severe Respiratory Syncytial Virus Infection Among Infants and Children in West-

ern Countries. Infectious diseases and therapy. 2016; 5(3):271–98. Epub 2016/08/03. https://doi.org/

10.1007/s40121-016-0123-0 PMID: 27480325; PubMed Central PMCID: PMCPmc5019979.

115. Colosia AD, Masaquel A, Hall CB, Barrett AM, Mahadevia PJ, Yogev R. Residential crowding and

severe respiratory syncytial virus disease among infants and young children: a systematic literature

review. BMC Infect Dis. 2012; 12:95. Epub 2012/04/24. https://doi.org/10.1186/1471-2334-12-95

PMID: 22520624; PubMed Central PMCID: PMCPmc3405464.

116. Shi T, Balsells E, Wastnedge E, Singleton R, Rasmussen ZA, Zar HJ, et al. Risk factors for respiratory

syncytial virus associated with acute lower respiratory infection in children under five years:

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 20 / 22

http://www.ncbi.nlm.nih.gov/pubmed/14884563
http://www.ncbi.nlm.nih.gov/pubmed/6987739
http://www.ncbi.nlm.nih.gov/pubmed/26852054
http://www.ncbi.nlm.nih.gov/pubmed/23797076
http://www.ncbi.nlm.nih.gov/pubmed/81282
http://www.ncbi.nlm.nih.gov/pubmed/23254495
https://doi.org/10.1111/j.1440-1754.2010.01935.x
http://www.ncbi.nlm.nih.gov/pubmed/21199062
http://www.ncbi.nlm.nih.gov/pubmed/18016061
http://www.ncbi.nlm.nih.gov/pubmed/9612872
https://doi.org/10.1016/S0140-6736(05)66912-7
http://www.ncbi.nlm.nih.gov/pubmed/16023513
http://www.ncbi.nlm.nih.gov/pubmed/13444260
http://www.ncbi.nlm.nih.gov/pubmed/5770432
https://doi.org/10.1161/CIRCULATIONAHA.112.092312
http://www.ncbi.nlm.nih.gov/pubmed/22626741
https://doi.org/10.1016/j.ijid.2016.04.007
https://doi.org/10.1016/j.ijid.2016.04.007
http://www.ncbi.nlm.nih.gov/pubmed/27062987
http://www.ncbi.nlm.nih.gov/pubmed/15000554
http://www.ncbi.nlm.nih.gov/pubmed/11055601
https://doi.org/10.1007/s40121-016-0123-0
https://doi.org/10.1007/s40121-016-0123-0
http://www.ncbi.nlm.nih.gov/pubmed/27480325
https://doi.org/10.1186/1471-2334-12-95
http://www.ncbi.nlm.nih.gov/pubmed/22520624
https://doi.org/10.1371/journal.pntd.0006577


Systematic review and meta-analysis. Journal of global health. 2015; 5(2):020416. Epub 2015/

12/19. https://doi.org/10.7189/jogh.05.020416 PMID: 26682048; PubMed Central PMCID:

PMCPmc4676580.

117. Thomson H, Thomas S, Sellstrom E, Petticrew M. Housing improvements for health and associated

socio-economic outcomes. The Cochrane database of systematic reviews. 2013;(2):CD008657.

https://doi.org/10.1002/14651858.CD008657.pub2 PMID: 23450585.

118. Stallings R. Child Morbidity and Treatment Patterns. Calverton, Maryland: 2004.

119. van Rossum CT, Shipley MJ, van de Mheen H, Grobbee DE, Marmot MG. Employment grade differ-

ences in cause specific mortality. A 25 year follow up of civil servants from the first Whitehall study.

Journal of epidemiology and community health. 2000; 54(3):178–84. Epub 2000/04/04. https://doi.org/

10.1136/jech.54.3.178 PMID: 10746111; PubMed Central PMCID: PMCPMC1731642.

120. Marmot M. The influence of income on health: views of an epidemiologist. Health affairs. 2002; 21

(2):31–46. PMID: 11900185.

121. Laupland KB, Davies HD, Low DE, Schwartz B, Green K, McGeer A. Invasive group A streptococcal

disease in children and association with varicella-zoster virus infection. Ontario Group A Streptococcal

Study Group. Pediatrics. 2000; 105(5):E60. Epub 2000/05/09. PMID: 10799624.

122. Houweling TA, Karim-Kos HE, Kulik MC, Stolk WA, Haagsma JA, Lenk EJ, et al. Socioeconomic

Inequalities in Neglected Tropical Diseases: A Systematic Review. PLoS Negl Trop Dis. 2016; 10(5):

e0004546. Epub 2016/05/14. https://doi.org/10.1371/journal.pntd.0004546 PMID: 27171166; PubMed

Central PMCID: PMCPMC4865383.

123. Carapetis JR, Walker AM, Hibble M, Sriprakash KS, Currie BJ. Clinical and epidemiological features

of group A streptococcal bacteraemia in a region with hyperendemic superficial streptococcal infec-

tion. Epidemiology and infection. 1999; 122(1):59–65. Epub 1999/03/31. PMID: 10098786; PubMed

Central PMCID: PMCPmc2809588.

124. World Health Organization. What are the health risks related to overcrowding? Geneva: World Health

Organization; 2017 [cited 2017 20/06/2017]. Available from: http://www.who.int/water_sanitation_

health/emergencies/qa/emergencies_qa9/en/.

125. Asker M, Asker S. Sleep Apnea in Patients with Rheumatic Mitral Stenosis. The Journal of heart valve

disease. 2015; 24(3):325–30. Epub 2016/02/24. PMID: 26901906.

126. Kappagoda S, Ioannidis JP. Neglected tropical diseases: survey and geometry of randomised evi-

dence. BMJ (Clinical research ed). 2012; 345:e6512. Epub 2012/10/24. https://doi.org/10.1136/bmj.

e6512 PMID: 23089149; PubMed Central PMCID: PMCPmc3478233.

127. Hotez PJ, Alvarado M, Basanez MG, Bolliger I, Bourne R, Boussinesq M, et al. The global burden of

disease study 2010: interpretation and implications for the neglected tropical diseases. PLoS Negl

Trop Dis. 2014; 8(7):e2865. Epub 2014/07/25. https://doi.org/10.1371/journal.pntd.0002865 PMID:

25058013; PubMed Central PMCID: PMCPmc4109880.

128. World Health Organization. Neglected Tropical Diseases Switzerland: World Health Organization;

2018 [cited 2018 04/03/2018]. Available from: http://www.who.int/neglected_diseases/diseases/en/.

129. Lucas R, McMichael A. Association or causation: evaluation links between “environmental and dis-

ease”. Bulletin of the World Health Organization. 2005; 83(10):792–5. PMID: 16283057

130. Carapetis JR, Currie BJ, Kaplan EL. Epidemiology and prevention of group A streptococcal infections:

acute respiratory tract infections, skin infections, and their sequelae at the close of the twentieth cen-

tury. Clinical infectious diseases: an official publication of the Infectious Diseases Society of America.

1999; 28(2):205–10. https://doi.org/10.1086/515114 PMID: 10064227.

131. 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(6):1155–62. PMID: 4064266.

132. Bonnefoy J, Morgan A, Kelly MP, Butt J, Bergman V. Constructing the evidence base on the social

determinants of health: A guide. London: Measurement and Evidence Knowledge Network of the

WHO Commission on Social Determinants of Health; 2007.

133. McQueen DV. Three challenges for the social determinants of health pursuit. Int J Public Health. 2009;

54(1):1–2. Epub 2009/02/05. https://doi.org/10.1007/s00038-008-8167-x PMID: 19190980.

134. Song R, Hall HI, Harrison KM, Sharpe TT, Lin LS, Dean HD. Identifying the impact of social determi-

nants of health on disease rates using correlation analysis of area-based summary information. Public

health reports (Washington, DC: 1974). 2011; 126 Suppl 3:70–80. Epub 2011/08/13. https://doi.org/

10.1177/00333549111260s312 PMID: 21836740; PubMed Central PMCID: PMCPMC3150132.

135. Ralph AP, Fittock M, Schultz R, Thompson D, Dowden M, Clemens T, et al. Improvement in rheumatic

fever and rheumatic heart disease management and prevention using a health centre-based continu-

ous quality improvement approach. BMC health services research. 2013; 13:525. Epub 2013/12/20.

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 21 / 22

https://doi.org/10.7189/jogh.05.020416
http://www.ncbi.nlm.nih.gov/pubmed/26682048
https://doi.org/10.1002/14651858.CD008657.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23450585
https://doi.org/10.1136/jech.54.3.178
https://doi.org/10.1136/jech.54.3.178
http://www.ncbi.nlm.nih.gov/pubmed/10746111
http://www.ncbi.nlm.nih.gov/pubmed/11900185
http://www.ncbi.nlm.nih.gov/pubmed/10799624
https://doi.org/10.1371/journal.pntd.0004546
http://www.ncbi.nlm.nih.gov/pubmed/27171166
http://www.ncbi.nlm.nih.gov/pubmed/10098786
http://www.who.int/water_sanitation_health/emergencies/qa/emergencies_qa9/en/
http://www.who.int/water_sanitation_health/emergencies/qa/emergencies_qa9/en/
http://www.ncbi.nlm.nih.gov/pubmed/26901906
https://doi.org/10.1136/bmj.e6512
https://doi.org/10.1136/bmj.e6512
http://www.ncbi.nlm.nih.gov/pubmed/23089149
https://doi.org/10.1371/journal.pntd.0002865
http://www.ncbi.nlm.nih.gov/pubmed/25058013
http://www.who.int/neglected_diseases/diseases/en/
http://www.ncbi.nlm.nih.gov/pubmed/16283057
https://doi.org/10.1086/515114
http://www.ncbi.nlm.nih.gov/pubmed/10064227
http://www.ncbi.nlm.nih.gov/pubmed/4064266
https://doi.org/10.1007/s00038-008-8167-x
http://www.ncbi.nlm.nih.gov/pubmed/19190980
https://doi.org/10.1177/00333549111260s312
https://doi.org/10.1177/00333549111260s312
http://www.ncbi.nlm.nih.gov/pubmed/21836740
https://doi.org/10.1371/journal.pntd.0006577


https://doi.org/10.1186/1472-6963-13-525 PMID: 24350582; PubMed Central PMCID:

PMCPmc3878366.

136. Pandey M, Powell J, Calcutt A, Zaman M, Phillips ZN, Ho MF et al. Physicochemical characterisation,

immunogenicity and protective efficacy of a lead streptococcal vaccine: progress towards Phase I trial.

Sci Rep. 2017 Oct 23; 7(1):13786. https://doi.org/10.1038/s41598-017-14157-7 PMID: 29062085

137. Memmott P, Birdsall-Jones C, Greenop K. Australian Indigenous house crowding, AHURI Final Report

No. 194. Melbourne: 2012.

138. Minister of Health. Implementing the New Zealand Health Strategy 2013. Wellington: 2013.

139. Hendrickx D, Stephen A, Lehmann D, Silva D, Boelaert M, Carapetis J, et al. A systematic review of

the evidence that swimming pools improve health and wellbeing in remote Aboriginal communities in

Australia. Australian and New Zealand journal of public health. 2016; 40(1):30–6. https://doi.org/10.

1111/1753-6405.12433 PMID: 26337282.

140. Waterkeyn J, Cairncross S. Creating demand for sanitation and hygiene through Community Health

Clubs: a cost-effective intervention in two districts in Zimbabwe. Social science & medicine (1982).

2005; 61(9):1958–70. https://doi.org/10.1016/j.socscimed.2005.04.012 PMID: 15927329.

The role of social determinants in RHD and its precursors

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006577 June 13, 2018 22 / 22

https://doi.org/10.1186/1472-6963-13-525
http://www.ncbi.nlm.nih.gov/pubmed/24350582
https://doi.org/10.1038/s41598-017-14157-7
http://www.ncbi.nlm.nih.gov/pubmed/29062085
https://doi.org/10.1111/1753-6405.12433
https://doi.org/10.1111/1753-6405.12433
http://www.ncbi.nlm.nih.gov/pubmed/26337282
https://doi.org/10.1016/j.socscimed.2005.04.012
http://www.ncbi.nlm.nih.gov/pubmed/15927329
https://doi.org/10.1371/journal.pntd.0006577

