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Abstract  25 

Objectives: Rheumatic Heart Disease (RHD) is the most common acquired heart disease in children 26 

and young adults in low-and-middle-income countries.  There is paucity of data on echocardiography 27 

screening of school children for RHD in Nigeria. 28 

Methods: In this pilot study, we conducted clinical and echocardiography screening on a cross-29 

section of randomly selected secondary school children in Jos, North-Central Nigeria from March to 30 

September 2016. For outcome classification into borderline or definite RHD, we performed a 31 

confirmatory echocardiography using the World Heart Federation criteria for those suspected to 32 

have RHD from the screening. 33 

Results: A total of 417 secondary school children were screened, of which 247 (59.2%) were female. 34 

The median age was 14 years (IQR: 13-15). Clinical screening detected 8/417 children while 35 

screening echocardiography detected 42/417 suspected cases of RHD. Definitive echocardiography 36 

confirmed 9/417 with RHD corresponding to a prevalence of 21.6 per 1000 (95% CI, 6.7-36.5). All but 37 

one of the confirmed RHD cases (8/9) were borderline RHD corresponding to a prevalence of 19.2 38 

per 1000 (95% CI, 8.3-37.5) for borderline RHD and 2.4 per 1000 (95% CI, 0.1-13.3) for definite RHD. 39 

RHD was more common in boys and cardiac auscultation missed over 50% of the cases. 40 

Conclusions: This study showed a high prevalence of RHD among secondary school children in 41 

North-Central Nigeria with a vast predominance of asymptomatic borderline lesions. Larger school-42 

based echocardiography screening using portable or handheld echocardiography aimed at early 43 

detection of subclinical RHD should be adopted.  44 

 45 
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Introduction 54 

Rheumatic heart disease (RHD) is a chronic sequela of acute rheumatic fever (ARF), which is an 55 

abnormal autoimmune response to Group A Streptococcal (GAS) infection, usually of the throat, in 56 

susceptible individuals (1, 2). It is the most common acquired heart disease in children in low-income 57 

and middle-income countries with an estimated global burden of 33.4 million cases, and 319,400 58 

annual deaths as of 2015 (3, 4).  59 

RHD is a disease of poverty, social inequality, overcrowding, and limited access to healthcare (3). 60 

RHD and ARF have remained vastly neglected despite the heavy morbidity and socio-economic 61 

burden they impose on populations in endemic countries (5). Recurrent episodes of ARF can 62 

insidiously lead to sub-clinical RHD which may ultimately progress to severe valvular damage and 63 

heart failure (1). Secondary antibiotic prophylaxis, using monthly benzathine penicillin G (BPG) 64 

injections, still remains the most effective therapeutic intervention for prevention of disease 65 

progression in low-and-middle-income countries (1, 2). Therefore, screening of high-risk populations 66 

for early identification of sub-clinical disease, and the use of penicillin prophylaxis to prevent disease 67 

progression, are essential steps for reducing the burden of disease in these countries where ARF and 68 

RHD still remain of public health importance (2, 6, 7).  69 

With the World Health Organisation (WHO) and World Heart Federation (WHF) targeting a 25% 70 

reduction in mortality due to ARF and RHD among individuals aged <25years by the year 2025 (8, 9), 71 

there is an increasing interest in echocardiography-based screening for RHD in endemic regions. 72 

Indeed, echocardiographic screening of school-aged children has revealed a substantial burden of 73 

silent RHD that has not previously come to clinical attention, and has contributed to a better 74 

understanding of RHD prevalence (10-13).  75 

In 2012, the WHF developed a standardised evidence-based guideline for the diagnosis of subclinical 76 

RHD to improve the reliability, comparability and reproducibility of echocardiographic screening 77 

studies (14). Currently, there are very few published data from Nigeria, and none from northern 78 

Nigeria, on the population prevalence of RHD. A recent echocardiography-based study from Lagos, 79 

South-Western Nigeria, reported a prevalence of  2.7/1000 in urban primary school children, using 80 

the WHF criteria (13). Prior to the echocardiography era, auscultation-based screening studies 81 

among school children reported a low RHD prevalence of 0.8 per 1000 in Lagos, South-Western 82 

Nigeria in 1972 (15), and 0.57 per 1000 in Mid-Western Nigeria in 2013 (16).  83 

In the present study, we have piloted portable echocardiography screening in a cross-section of 84 

secondary school children in North-Central Nigeria and compared results with clinical screening. Our 85 

study provides an opportunity to estimate the prevalence of subclinical RHD in a rural and peri-86 
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urban region of northern Nigeria and gives preliminary data for consideration towards the 87 

establishment of a national prevention programme.  88 

Methods 89 

Study design and setting 90 

We performed a cross-sectional pilot screening of secondary school children in Jos-South Local 91 

Government Area (LGA) of Plateau State, North-Central Nigeria between March 2016 and 92 

September 2016. Plateau State has a higher percentage of the total population living below the 93 

national poverty lines of 54% compared to Nigeria’s national average of 46% (17). Jos-South is the 94 

second most populous LGA in Plateau State, with an estimated population of 306,716 (18). Jos South 95 

LGA is predominantly sub-urban, where the three main occupations are subsistence farming, civil 96 

service and petty trading (18). At the time of conducting the study, there were 83 secondary schools 97 

in the LGA of which 20 were government-run and 63 were private schools. The average school 98 

attendance in Plateau State was 81.8% of the secondary school age population (19). About a quarter 99 

of the residents live in high-density neighbourhoods with over-crowding and poor sanitary 100 

conditions (20).  101 

Ethics statement  102 

This study was approved by the Institutional Health Research Ethical Committee of the Jos University 103 

Teaching Hospital (REF: JUTH/DCS/ADM/127/XIX/6071). Local authorisations were granted by the 104 

Regional Administration of the Secondary School Education Board of the Plateau State Ministry of 105 

Education, and the administrative heads of each school. Written informed consent was obtained 106 

from parents/guardians, and assent from all the participating students. 107 

Sample size considerations and sampling strategy 108 

Based on international literature, our sample size calculations were based on an assumed population 109 

prevalence of 1.5% in school children. We calculated a minimum sample size of 395 to estimate a 110 

prevalence of 1.5% with a precision of 1.2% with a confidence level of 95%. Assuming a non-111 

completion or dropout rate of 10%, we aimed to enrol 439 students. 112 

We used a multistage sampling strategy. For the first stage, using a list of random numbers, we did a 113 

simple random selection of two government-run and three private schools making a total of five 114 

secondary schools included in the study. For the second stage, we determined the number of 115 

students to be recruited from each school using the proportion each school contributed to the total 116 

population of the five selected schools. At each school, the allocated sample size was divided 117 
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proportional to the population of children in each class. Systematic random sampling was then used 118 

to select children from each class using the attendance registers. We enrolled children in junior 119 

secondary one through senior secondary six (equivalent to grades seven through twelve) attending 120 

the selected schools. All children from a selected school were eligible for potential inclusion. We 121 

excluded children who did not return their signed consent forms or who refused assent. 122 

Study procedures 123 

The administrative heads of all selected schools were contacted and visited by the research team to 124 

obtain their consent to participate in the study. During a subsequent visit to the selected schools, 125 

the staff and students were given awareness messages on the objectives and procedures of the 126 

study. Information sheets and consent forms were sent home to the parents or guardians of the 127 

selected students, and the signed forms were collected by their respective class teachers on the 128 

following day. 129 

On the day of screening, the study team (consisting of a paediatrician skilled in performance and 130 

interpretation of echocardiography, 1 field coordinator, 1 research assistant and 1 data entry staff), 131 

organized a private screening area and ensured that a member of the school staff would be present 132 

during interactions between study staff and participants. Each child was briefly interviewed using a 133 

standardized questionnaire including socio-demographic information and a focused medical history 134 

on prior sore throat. Socio-economic status was assessed using a method combining occupation and 135 

educational attainment of parents/guardians which is described elsewhere (21). For each child, the 136 

household density was calculated as number of family members divided by number of sleeping 137 

rooms and overcrowding was defined as ≥2.5 persons/room (22).  138 

Cardiac auscultation followed by echocardiography screening were performed by the study 139 

paediatrician in a separate room. A rapid, 2-dimensional and colour-Doppler study using a portable 140 

echocardiography machine (Sonosite Plus ultrasound machine) with a 2MHz transducer probe was 141 

performed for all enrolled students. Any child with mitral or aortic valve thickening and/or valvular 142 

regurgitation was considered to have an abnormal echocardiogram. The overall echocardiographic 143 

screening procedure lasted about 5 min per participant. Children with a cardiac murmur and/or 144 

abnormal screening echocardiogram were referred to the hospital for a standard confirmatory 145 

echocardiogram performed using an Aloka Prosound SSD 4000 plus ultrasound machine with a 146 

transducer frequency range of 2.5–5MHz by a cardiologist.  147 

Based on the WHF Criteria for echocardiographic diagnosis of RHD in individuals 20 years or 148 

younger, children were categorised as either having definite RHD, borderline RHD or normal 149 

echocardiographic findings (14). In summary, definite RHD is defined by a combination of at least 2 150 
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morphologic criteria with pathologic mitral or aortic regurgitation, or mitral stenosis, or borderline 151 

disease of both aortic and mitral valves. Borderline RHD is defined by at least 2 morphologic features 152 

or the presence of pathologic mitral or aortic regurgitation. Children with definite RHD were advised 153 

to start secondary prophylaxis and referred to a tertiary hospital while those with borderline RHD 154 

were referred for follow-up echocardiogram in one year.  155 

Statistical analysis  156 

We analysed the data using Stata version 12.1 (StataCorp, USA) and Excel 2016. Baseline 157 

characteristics and clinical findings are presented as frequencies and percentages for categorical 158 

variables, or medians and interquartile ranges (IQRs) for continuous variables. We compared 159 

characteristics of children with RHD and children without RHD using the Wilcoxon rank-sum test for 160 

non-parametric variables, and Student t-test or Fisher’s exact test for continuous and categorical 161 

variables respectively. All statistical analysis took into account the multistage sampling technique 162 

using the Stata svy command. Comparisons were two-sided and P values < 0.05 were considered 163 

significant.  164 

Results 165 

From March 2016 to September 2016, a total of 469 eligible children from 5 randomly selected 166 

secondary schools were invited to undergo screening for RHD. After exclusion of 52 children because 167 

of failure to return informed consent forms (n=50) or refusal of assent (n=2), 417 children were 168 

enrolled for screening (Figure 1).  169 

Demographic and socioeconomic characteristics are summarized in Table 1. Briefly, the median age 170 

was 14 years (IQR: 13-15), ranging from 10 to 19 years, with a majority (n=247, 59.2%) of female and 171 

from the Berom tribe (n=175, 42%). More than half of the children (n=223, 53.5%) lived in homes 172 

with three or fewer bedrooms and about a quarter of them (n=116, 27.8%) were living in 173 

overcrowded households. The children were evenly distributed across the social class groups. About 174 

70% of the children reported a previous history of painful sore throat. 175 

 176 
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 177 

Figure 1. Study Flowchart According to STROBE guidelines (23) 178 

 179 

 180 
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Table 1. Sociodemographic Characteristics of study participants* 181 

Characteristic 
Overall 

(N = 417) 
Healthy 
(n = 408) 

Borderline or  
definite RHD 

(n = 9) 
P 
value 

     
Individual Characteristics     

Age, median (IQR), years 14 (13-15) 14 (13-15) 15 (13-15) 0.54 

Age group (years)     

     10-12 87 (20.9) 86 (21.1) 1 (11.1) 

0.66      13-15 249 (59.7) 241 (59.1) 8 (8.9) 

     > 16 81 (19.4) 81 (19.8) 0 (0.0) 

Sex     

     Female 247 (59.2) 245 (60.0) 2 (22.2) 
0.22 

     Male 170 (40.8) 163 (40.0) 7 (77.8) 

Ethnicity     

     Berom 175 (42.0) 170 (41.7) 5 (55.6) 

0.74 

     Ngas 24 (5.7) 24 (5.9) 0 (0.0) 

     Ibo 20 (4.8) 19 (4.7) 1 (11.1) 

     Yoruba 20 (4.8) 20 (4.9) 0 (0.0) 

     Mwaghavul 19 (4.6) 19 (4.7) 0 (0.0) 

     Others 159 (38.1) 156 (38.1) 3 (33.3) 

History of painful sore throat 291 (69.8) 284 (69.6) 7 (77.8) 0.38 

Characteristic of school     

     Government 313 (75.1) 306 (75.0) 7 (77.8) 
>0.99 

     Private 104 (24.9) 102 (25.0) 2 (22.2) 

Family characteristics     

No. of rooms     

     < 3 223 (53.5) 219 (53.7) 4 (44.4) 

0.39      4-6 148 (35.5) 144 (35.3) 4 (44.4) 

     > 7 46 (11.0) 45 (11.0) 1 (11.1) 

No. of family members, median (IQR) 6 (5-7) 6 (5-7) 6 (6-7) 0.91 

Overcrowding 116 (27.8) 113 (27.7) 3 (33.3) 0.62 

Socio-economic status     

     Lower 138 (33.1) 136 (33.3) 2 (22.2) 

0.09      Middle 127 (30.5) 122 (29.9) 5 (55.6) 

     Upper 152 (36.5) 150 (36.8) 2 (22.2) 
Abbreviations: IQR, interquartile range; RHD, rheumatic heart disease. *Data are presented as number (percentage) of 182 
children unless otherwise indicated. 183 

 184 

Cardiac auscultation detected a heart murmur in 8/417 children (1.9%), while screening 185 

echocardiography detected an abnormal echocardiogram in 42 children (10.1%). A total of 9 children 186 

had a confirmed RHD diagnosis by standard echocardiography, resulting in an overall prevalence of 187 

21.6 per 1,000 children, 95% CI, 6.7-36.5 (Table 2). Only one child had definite RHD with the rest 188 

being all borderline RHD. Children with RHD had similar socio-demographic characteristics compared 189 
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to non-RHD children except for the sex ratio, as 7/9 RHD cases were boys (77.8% versus 40% in non 190 

RHD children). All 9/9 (100%) RHD cases had abnormal screening echocardiograms, while the 191 

majority had no audible murmur (n = 5, 55.6%). 192 

 193 

Table 2. Prevalence of definite and borderline rheumatic heart disease 194 

Variable 

Frequency 

(n=417) 

Per 

thousand 

Definite RHD 1 2.4  

     Pathologic MR with at least two morphological features of RHD of the MV 1 2.4 

     MS mean gradient >4mmHg 0 0 

     Pathologic AR with at least two morphological features of RHD of the AV 1 2.4 

     Borderline disease of both MV and AV 0 0 

Borderline RHD 8 19.2  

     At least two morphological features of RHD of the MV without pathologic 

MR or MS 
8 19.2 

     Pathologic MR 0 0 

     Pathologic AR 0 0 

Total 9 21.6 
Abbreviations: RHD, rheumatic heart disease; MV, mitral valve; MR, mitral regurgitation; MS, mitral stenosis; AV, aortic 195 
valve; AR, aortic regurgitation. 196 

 197 

The one case of definite RHD was an 11-year-old male who had mixed lesions of both mitral and 198 

aortic valves (Table 3). More specifically, the anterior mitral valve leaflet (AMVL) was thickened (0.6 199 

cm) as well as the chordae, and there was a pathologic mitral regurgitation (MR) with MR jet length 200 

of 4.3 cm, and MR jet velocity of 4.26 m/s. The aortic valves showed irregular thickening with 201 

coaptation defect, and there was a pathologic aortic regurgitation (AR) with AR jet length of 3.7 cm, 202 

and AR jet velocity of 3.60 m/s.  203 

The eight borderline RHD cases included two females and six males with ages ranging from 13 to 15 204 

years. All of them had at least two morphologic features of the MV, including thickening of the 205 

AMVL ranging from 0.3cm to 0.6cm. In addition to AMVL thickening, 6/8 (75%) also had chordal 206 

thickening, while 2/8 (25%) had excessive leaflet tip motion. The aortic valve was not affected in any 207 

of the borderline RHD cases. 208 

 209 

 210 

 211 



10 
 

Table 3. Socio-demographic, clinical and valvular characteristics of children with RHD 212 

Variable Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 

Age (years) 11 13 13 15 15 15 15 15 15 

Sex  M M F M M M M M F 

Type of school Gov Gov Gov Gov Gov Gov Gov Private Private 

Cardiac murmur + + + - - - - + - 

Screening echo Abn Abn  Abn Abn Abn Abn Abn Abn Abn 

Mitral valve          

Pathologic MR + - - - - - - - - 

MS - - - - - - - - - 

> 2 morphologic 

features 
+ + + + + + + + + 

Aortic valve          

Pathologic AR + - - - - - - - - 

> 2 morphologic 

features 
+ - - - - - - - - 

RHD diagnosis Definite Bord Bord Bord Bord  Bord Bord  Bord  Bord  

Abbreviations: M, male; F, female; Gov, government; Echo, echocardiography; Abn, abnormal; RHD, rheumatic heart 213 
disease; MV, mitral valve; MR, mitral regurgitation; MS, mitral stenosis; AV, aortic valve; AR, aortic regurgitation; Bord, 214 
borderline; +, present; -, absent. 215 

 216 

Discussion 217 

This cross-sectional pilot study estimated the prevalence of echocardiographic RHD among 218 

asymptomatic school children in North-Central Nigeria using the WHF criteria to be 21.6 per 1,000, 219 

all but one being borderline RHD. The disease was more common in boys compared with girls, and 220 

cardiac auscultation missed over 50% of the cases of RHD.   221 

Our findings differ significantly from a previous screening of 418 school children for heart disease in 222 

Jos in 2010, where no case of RHD was recorded (24). Unlike our present study, the authors 223 

performed an initial clinical screening alone, with echocardiograms done only for children with 224 

murmurs. Auscultation has been shown to be less sensitive than echocardiography, sometimes 225 

missing up to 50% of cases, as demonstrated in our study (25).  226 

The observed prevalence in our study was 10-times higher than reported in a cross-sectional survey 227 

of school children (4,107 students aged 5 to 16 years) in Lagos, South-Western Nigeria which 228 

documented a prevalence of 2.1 per 1,000 population in 2017 (13). Similar variations in prevalence 229 

within the same country have been reported (26), and indicate the multifactorial nature of the risk 230 

factors involved in the pathogenesis of RHD, with differing risk factors between the study 231 
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populations such as age, living conditions or social class. For example, the cited study was conducted 232 

in Lagos, a more cosmopolitan and culturally diverse city than Jos, with fewer people living below 233 

the national poverty lines (17). In addition, unlike our study, they included younger children below 234 

10 years. RHD has been shown to be more common in older children (27, 28), and this may further 235 

explain the much higher prevalence that we report.  236 

The prevalence in our study compares to reports from Senegal (16.3 per 1,000) (29), Ethiopia (19 per 237 

1,000) (28), and South Africa (20.2 per 1,000) (26). However, it differed considerably when 238 

compared with other African countries which documented prevalence of 11.8 (Zambia)(30), 31 239 

(Ethiopia)(26), 34 (Malawi)(31), and 40.2 (Uganda)(11) per 1000 school children, respectively. 240 

Several reasons may account for the heterogeneity across reports within the same country and 241 

between countries. RHD prevalence varies as a function of socioeconomic context, sampling 242 

strategy, and diagnostic criteria applied. These variations further underscore the need for 243 

prevalence estimation from different countries, and from different regions within countries using 244 

uniform and comparable designs. 245 

We found more cases of borderline RHD compared to definite RHD, which is consistent with other 246 

reports (11, 13, 26, 28-31). Although children with borderline disease are at substantial risk of 247 

progression to definite RHD, the natural history of the disease is still unclear, with limited data on 248 

the long-term outcome (32, 33). All children with borderline disease in our study were referred for a 249 

follow-up review and echocardiography after one year. 250 

In our study, there were more boys than girls diagnosed with RHD, even though girls made up a 251 

larger proportion of our study participants. Even though there have been varying reports on the sex 252 

distribution of RHD, most studies have documented that the disease is more common in girls (22, 28, 253 

30). The reasons for the female predilection are not clear, although it has been proposed in 254 

literature that social factors such as poorer access to health care, repeated exposure to GAS, and 255 

genetically-mediated immunological factors might predispose girls to autoimmune diseases (34). 256 

While some studies have reported no sex predilection for RHD (3), the small sample size and hence 257 

small number of children detected with RHD in this pilot study makes it difficult to extrapolate or 258 

draw conclusions on our prevalence estimates according to sex, age and other parameters.  259 

A limitation of our study is that the screening echocardiography and cardiac auscultation were 260 

performed by the same person, with the possibility of some observer bias. Also, as the study was 261 

limited to school-going children, we are unable to extrapolate the population-based prevalence, as 262 

this could either underestimate or overestimate the true disease burden. However, our findings 263 

suggest that there may be a potentially large pool of asymptomatic RHD cases among school 264 
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children and highlights the need to consider a routine school-based screening programme for RHD. 265 

Larger echocardiography-based school screening studies from different parts of Nigeria, including 266 

Plateau State are necessary to define the true burden of the disease.  267 

Conclusions 268 

This pilot school survey identified a large and clinically silent burden of RHD in school children (21 269 

per 1,000 children) in North-Central Nigeria. This study also confirmed the low sensitivity of cardiac 270 

auscultation for RHD screening.  We recommend larger, echocardiography-based school screening 271 

studies using portable or handheld devices to further define the burden of silent RHD in different 272 

parts of Nigeria. We also propose longitudinal studies to evaluate the importance of early detection 273 

of borderline RHD, to monitor the extent of disease progression over time, and to assess the need 274 

for secondary prophylaxis. 275 

List of abbreviations 276 

AMVL: Anterior mitral valve leaflet 

AR: Aortic regurgitation 

ARF: Acute rheumatic fever 

AV: Aortic valve 

BPG: Benzathine penicillin G 

GAS: Group A streptococcus 

IQR: Inter-quartile range 

LGA: Local Government Area 

MR: Mitral Regurgitation 

MS: Mitral Stenosis 

MV: Mitral Valve 

RHD: Rheumatic Heart Disease 

WHF: World Heart Federation 

WHO: World Health Organisation 

 277 

Acknowledgements 278 

The authors are grateful to the State Secondary Educational Board, Jos, Plateau State, and the 279 

administrative heads of each school for their support. 280 



13 
 

References 281 

1. Carapetis JR, Beaton A, Cunningham MW, Guilherme L, Karthikeyan G, Mayosi BM, et al. 282 
Acute rheumatic fever and rheumatic heart disease. Nat Rev Dis Primers. 2016;2:15084. 283 
2. Zühlke LJ, Beaton A, Engel ME, Hugo-Hamman CT, Karthikeyan G, Katzenellenbogen JM, et 284 
al. Group A Streptococcus, Acute Rheumatic Fever and Rheumatic Heart Disease: Epidemiology and 285 
Clinical Considerations. Curr Treat Options Cardiovasc Med. 2017;19(2):15. 286 
3. Rothenbühler M, O'Sullivan CJ, Stortecky S, Stefanini GG, Spitzer E, Estill J, et al. Active 287 
surveillance for rheumatic heart disease in endemic regions: a systematic review and meta-analysis 288 
of prevalence among children and adolescents. Lancet Glob Health. 2014;2(12):e717-26. 289 
4. Watkins DA, Johnson CO, Colquhoun SM, Karthikeyan G, Beaton A, Bukhman G, et al. Global, 290 
Regional, and National Burden of Rheumatic Heart Disease, 1990-2015. N Engl J Med. 291 
2017;377(8):713-22. 292 
5. Sharma N, Toor D. Impact of Socio-Economic Factors on Increased Risk and Progression of 293 
Rheumatic Heart Disease in Developing Nations. Curr Infect Dis Rep. 2019;21(6):21. 294 
6. Marijon E, Ou P, Celermajer DS, Ferreira B, Mocumbi AO, Sidi D, et al. Echocardiographic 295 
screening for rheumatic heart disease. Bull World Health Organ. 2008;86(2):84. 296 
7. Gurney J, Chong A, Culliford-Semmens N, Tilton E, Wilson NJ, Sarfati D. The benefits and 297 
harms of rheumatic heart disease screening from the perspective of the screened population. Int J 298 
Cardiol. 2016;221:734-40. 299 
8. Organization WH. Global Action Plan for the Prevention and Control of NCDs 2013-2020 300 
2013 [Available from: 301 
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=EBFB302 
1F28CE933602D13F81904A3BBE54?sequence=1. 303 
9. Remenyi B, Carapetis J, Wyber R, Taubert K, Mayosi BM. Position statement of the World 304 
Heart Federation on the prevention and control of rheumatic heart disease. Nat Rev Cardiol. 305 
2013;10(5):284-92. 306 
10. Maurice J. Rheumatic heart disease back in the limelight. Lancet. 2013;382(9898):1085-6. 307 
11. Beaton A, Lu JC, Aliku T, Dean P, Gaur L, Weinberg J, et al. The utility of handheld 308 
echocardiography for early rheumatic heart disease diagnosis: a field study. Eur Heart J Cardiovasc 309 
Imaging. 2015;16(5):475-82. 310 
12. Kane A, Mirabel M, Touré K, Périer MC, Fazaa S, Tafflet M, et al. Echocardiographic screening 311 
for rheumatic heart disease: age matters. Int J Cardiol. 2013;168(2):888-91. 312 
13. Ekure EN, Amadi C, Sokunbi O, Kalu N, Olusegun-Joseph A, Kushimo O, et al. 313 
Echocardiographic screening of 4107 Nigerian school children for rheumatic heart disease. Trop Med 314 
Int Health. 2019;24(6):757-65. 315 
14. Reményi B, Wilson N, Steer A, Ferreira B, Kado J, Kumar K, et al. World Heart Federation 316 
criteria for echocardiographic diagnosis of rheumatic heart disease--an evidence-based guideline. 317 
Nat Rev Cardiol. 2012;9(5):297-309. 318 
15. Ogunbi O, Fadahunsi HO, Ahmed I, Animashaun A, Daniel SO, Onuoha DU, et al. An 319 
epidemiological study of rheumatic fever and rheumatic heart disease in Lagos. J Epidemiol 320 
Community Health. 1978;32(1):68-71. 321 
16. Sadoh WE, Omuemu VO, Israel-aina YT. Prevalence of rheumatic heart disease among 322 
primary school pupils in mid-western Nigeria. East Afr Med J. 2013;90(1):28-32. 323 
17. Bank W. Where has all the growth gone? A poverty update for Nigeria : a policy note 2013 324 
[Available from: http://documents.worldbank.org/curated/en/470331468096576867/Where-has-325 
all-the-growth-gone-A-poverty-update-for-Nigeria-a-policy-note. 326 
18. Jos South Local Government Area  [Available from: 327 
https://www.plateaustate.gov.ng/government/lgas/jos-south. 328 
19. National Population Commission - NPC/Nigeria, ICF International. Nigeria Demographic and 329 
Health Survey 2013. Abuja, Nigeria: NPC/Nigeria and ICF International; 2014. 330 

https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=EBFB1F28CE933602D13F81904A3BBE54?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=EBFB1F28CE933602D13F81904A3BBE54?sequence=1
http://documents.worldbank.org/curated/en/470331468096576867/Where-has-all-the-growth-gone-A-poverty-update-for-Nigeria-a-policy-note
http://documents.worldbank.org/curated/en/470331468096576867/Where-has-all-the-growth-gone-A-poverty-update-for-Nigeria-a-policy-note
https://www.plateaustate.gov.ng/government/lgas/jos-south


14 
 

20. Mallo D, Anigbogu N. Housing quality between residential neighbourhoods in Jos, Nigeria 331 
2009 [Available from: 332 
http://www.academia.edu/29551313/HOUSING_QUALITY_BETWEEN_RESIDENTIAL_NEIGBOURHOO333 
DS_IN_JOS_NIGERIA. 334 
21. Olusanya O, Okpere E, Ezimokhai M. The importance of social class in voluntary fertility 335 
control in a developing country. W Afr J Med. 1985;4:205-7. 336 
22. Shrestha NR, Karki P, Mahto R, Gurung K, Pandey N, Agrawal K, et al. Prevalence of 337 
Subclinical Rheumatic Heart Disease in Eastern Nepal: A School-Based Cross-sectional Study. JAMA 338 
Cardiol. 2016;1(1):89-96. 339 
23. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The 340 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: 341 
guidelines for reporting observational studies. PLoS Med. 2007;4(10):e296. 342 
24. Yilgwan C, Ige O, Bode-Thomas F. Clinical screening for heart disease in apparently healthy 343 
Nigerian school children. Nigerian Journal of Cardiology. 2014;11(2):74-9. 344 
25. Roberts K, Maguire G, Brown A, Atkinson D, Reményi B, Wheaton G, et al. Echocardiographic 345 
screening for rheumatic heart disease in high and low risk Australian children. Circulation. 346 
2014;129(19):1953-61. 347 
26. Engel ME, Haileamlak A, Zühlke L, Lemmer CE, Nkepu S, van de Wall M, et al. Prevalence of 348 
rheumatic heart disease in 4720 asymptomatic scholars from South Africa and Ethiopia. Heart. 349 
2015;101(17):1389-94. 350 
27. Beaton A, Okello E, Lwabi P, Mondo C, McCarter R, Sable C. Echocardiography screening for 351 
rheumatic heart disease in Ugandan schoolchildren. Circulation. 2012;125(25):3127-32. 352 
28. Yadeta D, Hailu A, Haileamlak A, Gedlu E, Guteta S, Tefera E, et al. Prevalence of rheumatic 353 
heart disease among school children in Ethiopia: A multisite echocardiography-based screening. Int J 354 
Cardiol. 2016;221:260-3. 355 
29. Ngaïdé AA, Mbaye A, Kane A, Ndiaye MB, Jobe M, Bodian M, et al. Prevalence of rheumatic 356 
heart disease in Senegalese school children: a clinical and echocardiographic screening. Heart Asia. 357 
2015;7(2):40-5. 358 
30. Musuku J, Engel ME, Musonda P, Lungu JC, Machila E, Schwaninger S, et al. Prevalence of 359 
rheumatic heart disease in Zambian school children. BMC Cardiovasc Disord. 2018;18(1):135. 360 
31. Sims Sanyahumbi A, Sable CA, Beaton A, Chimalizeni Y, Guffey D, Hosseinipour M, et al. 361 
School and Community Screening Shows Malawi, Africa, to Have a High Prevalence of Latent 362 
Rheumatic Heart Disease. Congenit Heart Dis. 2016;11(6):615-21. 363 
32. Beaton A, Aliku T, Dewyer A, Jacobs M, Jiang J, Longenecker CT, et al. Latent Rheumatic 364 
Heart Disease: Identifying the Children at Highest Risk of Unfavorable Outcome. Circulation. 365 
2017;136(23):2233-44. 366 
33. Zühlke L, Engel ME, Lemmer CE, van de Wall M, Nkepu S, Meiring A, et al. The natural history 367 
of latent rheumatic heart disease in a 5 year follow-up study: a prospective observational study. 368 
BMC Cardiovascular Disorders. 2016;16(1):46. 369 
34. Marijon E, Mirabel M, Celermajer DS, Jouven X. Rheumatic heart disease. Lancet. 370 
2012;379(9819):953-64. 371 

 372 

http://www.academia.edu/29551313/HOUSING_QUALITY_BETWEEN_RESIDENTIAL_NEIGBOURHOODS_IN_JOS_NIGERIA
http://www.academia.edu/29551313/HOUSING_QUALITY_BETWEEN_RESIDENTIAL_NEIGBOURHOODS_IN_JOS_NIGERIA

