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ABSTRACT
Introduction  Systematic echocardiographic screening of 
children in regions with an endemic pattern of rheumatic 
heart disease allows for the early detection of valvular 
lesions suggestive of subclinical rheumatic heart disease. 
The natural course of latent rheumatic heart disease is, 
however, incompletely understood at this time.
Methods  We performed a prospective cohort study of 
children detected to have echocardiographic evidence of 
definite or borderline rheumatic heart disease according to 
the World Heart Federation Criteria.
Results  Among 53 children found to have definite (36) 
or borderline (17) rheumatic heart disease, 44 (83%) 
children underwent follow-up at a median of 1.9 years 
(IQR 1.1–4.5). The median age of the children was 11 
years (IQR 9–14) and 34 (64.2%) were girls. Among 
children with definite rheumatic heart disease, 21 (58.3%) 
were adherent to secondary antibiotic prophylaxis, 7 
(19.4%) were not, information on adherence was missing 
in 2 (5.6%) children and 6 (16.7%) were lost to follow-
up. Regression of disease was observed in 10 children 
(27.8%), whereas 20 children (55.6%) had stable disease. 
Among children adherent to secondary prophylaxis, seven 
(33.3%) showed regression of disease. Among children 
with borderline disease, seven (41.2%) showed regression 
of disease, three (17.6%) progression of disease, four 
(23.5%) remained stable and three (17.6%) were lost 
to follow-up. On univariate analysis, we identified no 
predictors of disease regression, and no predictors for lost 
to follow-up or non-adherence with secondary antibiotic 
prophylaxis.
Conclusion  Definite rheumatic heart disease showed 
regression in one in four children. Borderline disease was 
spontaneously reversible in less than half of the children 
and progressed to definite rheumatic heart disease in one 
in five children.
Trial registration number  NCT01550068.

INTRODUCTION
Rheumatic heart disease (RHD) is the 
leading cause of death from valvular heart 
disease worldwide and concentrates in low-
income and middle-income countries.1–4 
Echocardiographic evidence of latent RHD 
has been documented in 1 in 100 children in 

Nepal and represents a serious public health 
challenge.5

Strategies to mitigate the burden of RHD 
include population-based echocardiographic 
screening of children and adolescents in 
regions with an endemic pattern of disease.6–8 
Early detection of latent RHD allows for 
timely implementation of secondary antibi-
otic prophylaxis.9 Reversibility of latent rheu-
matic valvular lesions is the basic prerequisite 
for the effectiveness of active surveillance 
programmes. Cohort studies with longitu-
dinal follow-up are, however, scarce and the 
natural course of subclinical valvular lesions 
is incompletely understood.

The aim of the present study was to inves-
tigate the trajectory of latent RHD in chil-
dren and adolescents, and to identify factors 

Key questions

What is already known about this subject?
►► Latent rheumatic heart disease has been document-
ed in 1 in 100 children in Nepal and is differentiated 
into definite and borderline disease according to 
morphological and functional features. The natural 
course of latent rheumatic heart disease has not 
been adequately delineated.

What does this study add?
►► We report trajectories of children with latent rheu-
matic heart disease from a prospective cohort in 
Nepal with a maximum duration of follow-up of 
more than 4 years. Definite rheumatic heart disease 
showed regression in one in four children, while one 
in five children with borderline disease progressed 
to definite disease.

How might this impact on clinical practice?
►► Our data underscore the importance of timely initi-
ation of secondary antibiotic prophylaxis in children 
with definite rheumatic heart disease and call for 
the identification of clinical and echocardiographic 
characteristics associated with progression of bor-
derline disease.
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associated progression and regression of subclinical 
valvular lesions.

METHODS
Setting and design
We performed a prospective cohort study of children 
diagnosed with definite or borderline RHD during 
systematic echocardiographic screening at randomly 
selected public and private schools in rural and urban 
regions in Eastern Nepal. Details of the setting of the 
study have been reported previously.5 10 In brief, echo-
cardiographic screening was performed by trained 
physicians using a battery-powered portable ultrasound 
machine (MySonoU6; Samsung Medison). All children 
with echocardiographic criteria of RHD detected during 
screening underwent independent confirmation with a 
complete echocardiogram at the B.P. Koirala Institute of 
Health Sciences in Dharan, Nepal. Confirmation exami-
nations were performed using a Hewlett Packard Sonos 
1500 cardiac ultrasound by experienced cardiologists 
according to the criteria of the World Heart Federation 
(WHF). Cases were defined by complete standard echo-
cardiograms. The interpreters were aware of the clinical 
variables. Children with morphological features and/or 
pathological valvular function suggestive of RHD were 
enrolled into a prospective registry and recommended 
regular clinical and echocardiographic follow-up. The 
study complied with the Declaration of Helsinki. All 
children or their guardians provided written informed 
consent for participation in this registry.

Definitions and follow-up
RHD was defined according to the criteria suggested by 
the WHF for individuals 20 years or younger.11 Definite 
RHD was recorded in the presence of pathological mitral 
or aortic regurgitation in combination with at least two 
morphological features of the aortic or the mitral valve, 
borderline disease of both the mitral and the aortic valve, 
or evidence of mitral stenosis. Borderline disease was 
documented in the presence of at least two morpholog-
ical features of the aortic or the mitral valve, or patholog-
ical aortic or mitral regurgitation.

Children fulfilling the criteria for definite RHD 
were recommended secondary antibiotic prophylaxis 
with either intramuscular benzathine benzylpeni-
cillin G (BPG) (600 000 IU for body weight <30 kg and 
1 200 000 IU for patient weight ≥30 kg) once a month 
or, alternatively, phenoxymethylpenicillin 250 mg two 
times per day. Children with borderline RHD were not 
routinely recommended to start secondary antibiotic 
prophylaxis. By definition, children were considered 
adherent to secondary antibiotic prophylaxis if they had 
received at least two doses of intramuscular BPG or an 
alternative antibiotic in the 3 months prior to follow-up.

Clinical and echocardiographic follow-up was 
performed by board-certified cardiologists at B.P. Koirala 
Institute of Health Sciences. Regression of disease was 

defined by partial recovery from definite RHD to border-
line disease or complete remission of valvular lesions. 
Progression was defined by worsening of valvular lesions 
from borderline to definite RHD. Safety endpoints were 
prospectively recorded and included death, cerebro-
vascular events, hospitalisations for heart failure, and 
allergic reactions to penicillin.

Statistical analysis
Categorical data are represented as frequencies and 
percentages and differences between groups are evalu-
ated with the χ2 test or Fisher’s exact test. Continuous 
variables are expressed as median values and IQR, and 
compared between groups using the Wilcoxon rank sum 
test. The echocardiographic trajectory of children with 
definite or borderline RHD was explored using spaghetti 
plots. Univariate logistic regression was performed to 
identify independent predictors of regression of disease 
and lost to follow-up or non-adherence to antibiotic 
prophylaxis. The socioeconomic score was calculated 
according to the method suggested by Kuppuswamy 
and adapted by Ghosh and Ghosh.12 13 Throughout the 
present study, a p<0.05 was considered significant. Statis-
tical analyses were performed using Stata V.14.2 (Stat-
aCorp).

RESULTS
Fifty-three children with definite (n=36) or borderline 
(n=17) RHD were enrolled into the prospective registry 
between 13 December 2012 and 15 May 2014. Among 
children with definite RHD, 35 (97.2%) had patholog-
ical mitral regurgitation in combination with at least two 
morphological features of RHD of the mitral valve; one 
child (2.8%) had pathological aortic regurgitation in 
combination with two morphological features of RHD of 
the aortic valve. Among children with borderline RHD, 
10 (58.8%) had at least two morphological features 
of RHD of the mitral valve without pathological mitral 
regurgitation or mitral stenosis; 7 children (41.2%) had 
pathological mitral regurgitation.

Forty-four children (83.0%) underwent clinical and echo-
cardiographic follow-up at a median of 1.9 years (IQR 1.1–4.5). 
The median age of the children was 11 years (IQR 9–14) and 
34 were girls (64.2%). Baseline characteristics are presented 
in table 1 and did not differ between children that under-
went follow-up and those that were lost to follow-up. One 
girl with definite RHD died from a non-cardiovascular cause 
during the course of follow-up. Among children with defi-
nite RHD, 21 (58.3%) were adherent to secondary antibiotic 
prophylaxis, 7 (19.6%) were not, information on adherence 
was missing in 2 children (5.6%) and 6 (16.7%) were lost to 
follow-up. Regression of disease was observed in 10 children 
(27.8%), whereas 20 children (55.6%) had stable disease 
(figure 1A, figure 2A). None of the children progressed to 
manifest RHD requiring intervention. Seven out of 10 chil-
dren (70%) with regression were adherent to secondary anti-
biotic prophylaxis. Conversely, among children adherent to 
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Table 1  Sociodemographic characteristics

n=53 n=15 (28.3) n=38 (71.7)

Individual characteristics

 � Age, years (median (IQR)) 11 (9–14) 9 (8–13) 12 (10–14) 0.14

 � Female sex (n (%)) 34 (64.2) 10 (66.7) 24 (63.2) 0.81

Family characteristics

 � Type of house (n (%)) 0.61

 � Kachcha (mud roof) 10 (18.9) 2 (13.3) 8 (21.1)

 � Tin (tin roof) 32 (60.4) 9 (60.0) 23 (60.5)

 � Wooden (wooden roof) 1 (1.9) 0 (0.0) 1 (2.6)

 � Pakka (cement roof) 10 (18.9) 4 (26.7) 6 (15.8)

No of rooms (n (%)) 0.79

 � ≤3 28 (52.8) 8 (53.3) 20 (52.6)

 � 4–6 23 (43.4) 6 (40.0) 17 (44.7)

 � ≥7 2 (3.8) 1 (6.7) 1 (2.6)

No of family members

 � Adults per household (median (IQR)) 2 (2–3) 2 (2–3) 2 (2–3) 0.86

 � Children per household (median (IQR)) 3 (2–3) 2 (2–3) 3 (2–4) 0.54

 � Overcrowding (n (%)) 17 (32.1) 4 (26.7) 13 (34.2) 0.75

Possessions (n (%))

 � Motorbike (≥1) 7 (13.2) 3 (20.0) 4 (10.5) 0.36

 � Television connection (≥1) 53 (100.0) 15 (100.0) 38 (100.0)

 � Cellular phone (≥1) 51 (96.2) 15 (100.0) 36 (94.7) 1

 � Internet connection 50 (94.3) 14 (93.3) 36 (94.7) 1

 � Property of books (≥10) 48 (90.6) 14 (93.3) 34 (89.5) 1

Estimated family income per month (USD) (n (%)) 0.33

 � 23–69 11 (20.8) 2 (13.3) 9 (23.7)

 � 69–115 21 (39.6) 5 (33.3) 16 (42.1)

 � 115–173 10 (18.9) 3 (20.0) 7 (18.4)

 � 173–230 3 (5.7) 1 (6.7) 2 (5.3)

 � 230–461 6 (11.3) 4 (26.7) 2 (5.3)

 � >461 2 (3.8) 0 (0.0) 2 (5.3)

Characteristics of primary caregiver

 � Age of primary caregiver (median (IQR)) 37 (34–42) 37 (34–45) 36 (33–42) 0.87

 � Education of primary caregiver (n (%)) 0.47

 � Illiterate 11 (20.8) 5 (33.3) 6 (15.8)

 � Primary school/literate 23 (43.4) 6 (40.0) 17 (44.7)

 � Middle school certificate 9 (17.0) 1 (6.7) 8 (21.1)

 � High school certificate 8 (15.1) 2 (13.3) 6 (15.8)

 � Graduate or postgraduate 2 (3.8) 1 (6.7) 1 (2.6)

Occupation of primary caregiver (n (%)) 0.21

 � Unemployed 4 (7.5) 3 (20.0) 1 (2.6)

 � Unskilled worker 23 (43.4) 8 (53.3) 15 (39.5)

 � Semi-skilled worker 6 (11.3) 1 (6.7) 5 (13.2)

 � Skilled worker 3 (5.7) 0 (0.0) 3 (7.9)

 � Shop owner, farmer 11 (20.8) 1 (6.7) 10 (26.3)

 � Semiprofession 3 (5.7) 1 (6.7) 2 (5.3)

Continued
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secondary prophylaxis, seven showed regression of disease 
(33.3%). Complete remission of functional and morpho-
logical valvular lesions was documented in five children 
(13.9%). The child with pathological aortic regurgitation in 
combination with two morphological features of RHD of the 
aortic valve was non-adherent to secondary prophylaxis and 
remained stable. Among children with borderline disease, 

seven (41.2%) showed regression of disease, three (17.6%) 
progression of disease, four (23.5%) remained stable and 
three (17.6%) were lost to follow-up (figure 1B, figure 2A). 
Among children with progression of disease, one child had 
pathological mitral regurgitation at baseline and two children 
had two morphological features of RHD of the mitral valve 
without pathological mitral regurgitation or mitral stenosis. 

n=53 n=15 (28.3) n=38 (71.7)

 � Profession 3 (5.7) 1 (6.7) 2 (5.3)

 � Socioeconomic score (median (IQR)) 9 (7–12) 8 (7–14) 9 (7–12) 0.87

Characteristics of the school

 � Urban school (n (%)) 15 (28.3) 2 (13.3) 13 (34.2) 0.13

 � Governmental school (n (%)) 40 (75.5) 10 (66.7) 30 (78.9) 0.35

Table 1  Continued

Figure 1  (A) Spaghetti plot displaying longitudinal data of children with definite rheumatic heart disease. Blue lines indicate 
children that were adherent to secondary antibtiotic prophylaxis. Red lines indicate children that were non-adherent to 
secondary antibiotic prophylaxis. Light grey lines indicate children with missing information on adherence to secondary 
antibiotic prophylaxis. (B) Spaghetti plot displaying longitudinal data of children with borderline rheumatic heart disease.
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Evolution of disease according to WHF category at baseline 
is summarised in table 2. Disease trajectories according to 
age are illustrated in figure  2B. In univariate analyses, we 
identified no predictors of disease regression (table 3), and 
no predictors for loss to follow-up or non-adherence with 
secondary antibiotic prophylaxis (table 4).

DISCUSSION
The salient findings of this prospective cohort study 
are as follows: (1) Valvular lesions consistent with 
definite RHD showed regression in one in four chil-
dren. The majority of children with regression were 
adherent to secondary antibiotic prophylaxis. and (2) 

Borderline disease was spontaneously reversible in 
less than half of the children and progressed to defi-
nite RHD in one in five children.

The findings of our study are consistent with previous 
reports. Progression of borderline to definite RHD has 
been reported in 3%–21% of children over a follow-up 
duration of 1.9–2.6 years.14–17 Remission of disease over 
the same time period was described in 32%–46% of 
children. Definite RHD has been found to show regres-
sion in 30%–45% of children.14–17 Disease regression 
has been reported for both children with borderline 
and definite RHD irrespective antibiotic prophylaxis.17

Figure 2  (A) Stacked bar graph illustrating the proportion of children with definite and borderline rheumatic heart disease with 
regression (green), progression (red) and stable (blue) disease. Children lost to follow-up are shown in grey. (B) Stacked bar 
graph illustrating the proportion of children ≤10 years of age and >10 years of age with regression (green), progression (red) and 
stable (blue) disease. children lost to follow-up are shown in grey.
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We identified no demographic markers predicting 
individual risk of disease progression or regression 
in the present study. Risk stratification of children 
with latent RHD is important to guide treatment 
strategy. Drivers of disease progression are however 
incompletely understood at this time. Nunes et al 
suggested echocardiographic criteria for the predic-
tion of progression of latent RHD.18 The validated 
score considers echocardiographic variables of the 
mitral valve such as anterior leaflet thickening (three 
points), excessive leaflet tip motion (three points) 
or an excessive regurgitant jet (six points), and vari-
ables of the aortic valve such as irregular or focal 
thickening (four points) and any regurgitation (five 
points). Children with a risk score ≥10 were found to 
have a risk of progression of ≥25%.18

Medical management of children with latent RHD 
is matter of debate. Observational data from longi-
tudinal cohort studies provided no robust evidence 
for the effectiveness of antibiotic prophylaxis in chil-
dren with latent RHD at the time of initiation of our 
study. We, therefore, opted for a pragmatic approach 
prescribing antibiotic prophylaxis to all children with 
definite RHD while recommending regular echo-
cardiographic follow-up in children with border-
line disease. The GwokO Adunu pa Lutino trial is 
an ongoing randomised controlled trial designed 
to determine the impact of secondary antibiotic 

prophylaxis in children with latent RHD on echo-
cardiographic progression at 2 years, and is antici-
pated to inform the standard of care in children with 
borderline or mild definite RHD.19

Table 2  Evolution of rheumatic heart disease according to WHF criteria

Regression Stable disease Progression Missing

Definite rheumatic heart disease

A Pathological MR and at least two morphological features of 
RHD of the MV

10 19 0 6

B MS mean gradient ≥4 mm Hg 0 0 0 0

C Pathological AR and at least two morphological features of RHD 
of the AV

0 1 0 0

D Borderline disease of both the AV and MV 0 0 0 0

Borderline rheumatic heart disease

A At least two morphological features of RHD of the MV without 
pathological MR or MS

2 4 2 2

B Pathological MR 2 3 1 1

C Pathological AR 0 0 0 0

AR, aortic regurgitation; AV, aortic valve; MR, mitral regurgitation; MS, mitral stenosis; MV, mitral valve; RHD, rheumatic heart disease; WHF, 
World Heart Federation.

Table 3  Univariate predictors of disease regression

Risk ratio (95% CI) P value

Age 0.91 (0.73 to 1.15) 0.44

Female gender 1.22 (0.38 to 3.96) 0.74

Socioeconomic score 1.01 (0.88 to 1.15) 0.93

Urban school 2.15 (0.63 to 7.37) 0.22

Governmental school 0.77 (0.21 to 2.82) 0.69

Table 4  Univariate predictors of loss to follow-up or non-
adherence to secondary antibiotic prophylaxis

Risk ratio (95% CI) P value

Individual characteristics

 � Age 0.81 (0.63 to 1.04) 0.097

 � Female gender 0.75 (0.21 to 2.60) 0.65

Family characteristics

 � Characteristics of primary 
caregiver

 � Education of primary caregiver 
(n (%))

 � Illiterate 2.35 (0.60 to 9.26) 0.22

 � Primary school/literate 1.02 (0.31 to 3.33) 0.97

 � Middle school certificate 0.24 (0.03 to 2.12) 0.20

 � High school certificate 0.74 (0.13 to 4.12) 0.73

 � Graduate or postgraduate 2.40 (0.14 to 40.94 0.55

Occupation of primary caregiver (n 
%))

 � Unemployed 8.31 (0.79 to 87.15) 0.078

 � Unskilled worker 1.47 (0.45 to 4.77) 0.52

 � Semiskilled worker 0.43 (0.05 to 3.98) 0.45

 � Shop owner, farmer 0.44 (0.08 to 2.34) 0.34

 � Semiprofession 1.17 (0.10 to 13.87) 0.90

 � Profession 1.17 (0.10 to 13.87) 0.90

 � Socioeconomic status 1.04 (0.91 to 1.20) 0.54

Characteristics of the school

 � Urban school 0.26 (0.05 to 1.34) 0.11

 � Governmental school 0.39 (0.11 to 1.43) 0.16
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Investment in comprehensive programmes is needed to 
mitigate the burden of RHD in regions with an endemic 
pattern of disease. Strategies to target RHD include 
epidemiologic surveillance, public awareness and health 
education programmes, as well as primary and secondary 
prevention.20

The present study needs to be interpreted in light of 
several limitations. First, the prospective cohort study 
included a modest number of children with variable 
duration of follow-up and an attrition rate of 17%. 
Second, adherence to antibiotic prophylaxis was arbi-
trarily defined based on the 3 months prior to follow-up 
and did not rely on comprehensive healthcare records or 
patient diaries. Hence, we cannot draw conclusions on 
the relationship between disease regression and adher-
ence to secondary antibiotic prophylaxis. Third, there 
are different criteria to define RHD. We used the widely 
accepted WHF criteria for the purpose of the present 
analysis. The outcome may have been slightly different 
if other criteria would have applied. And finally, in the 
absence of validated criteria, we did not quantify echocar-
diographic progression of definite RHD.

In conclusion, in a prospective cohort of children with 
latent RHD in Nepal, valvular lesions consistent with 
definite RHD showed regression in one in four chil-
dren, while one in five children with borderline disease 
progressed to definite RHD.
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