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Abstract
Background: Acute rheumatic fever (ARF) is an inflammatory disease caused by autoimmune responses to bacterial infection. Rheumatic heart disease (RHD) damages one or more heart valves through recurrent episodes of
ARF. We aimed to determine the changes in sensitivity, specificity and predictive values in RHD Jones diagnostic
guidelines following the inclusion of echocardiograph as an additional diagnostic tool for RHD.
Methods: This is a retrospective cross-sectional study done in the echocardiography center of Al-Fashir teaching hospital. We included a total of 1,103 patients who presented at our hospital and had a diagnosis of RHD,
ischemic heart disease or congestive heart disease during 2011–2017.
Results: Among the RHD patients, screening with echocardiography was associated with increases of the sensitivity
value, positive predictive value and specificity value by 18.1%, 8.1% and 1%, as compared to their initial diagnoses
by Jones criteria alone, which were primarily based on clinical presentations. Mitral stenosis was the most common
RHD abnormality, followed by aortic and tricuspid valve regurgitation. North Darfur state was found to have the lowest prevalence of RHD in all geographical parts of Sudan that have been studied. The female to male ratio was 3:1.
Conclusions: Our data highlight the important role of echocardiography in diagnosing RHD complications through
improved diagnostic sensitivity, positive predictive value and specificity.
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Acute rheumatic fever (ARF) is a type of disease caused by bacterial infection, commonly involving groups with a β hemolytic
Streptococci and leading to an autoimmune inflammatory response.
Most of the body’s organs, such as the heart, brain, joints and skin,
can also be affected by the disease. The recurrent episodic valve
damage to the heart in ARF are known as rheumatic heart disease
(RHD).1,2 Both diseases are common in low socioeconomic communities.3 More than 0.5% of school-age children are suffering
from RHD across the globe, and the incidence is increased in the
sub-Saharan region of Africa by nearly half a million patients annually.4–6 This disease causes damage to the heart valves and the
most common consequent abnormality is mitral regurgitation.7,8
There is a growing concern for patients with severe conditions
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without access to cardiac surgery, which could lead to a potential
risk of death being imminent. Reportedly, 20% of patients die before the age of 5 years and 80% before the age of 25 years.9
In regard to the pathology and pathogenesis of RHD, the calcification in the mitral valve is not merely an inactive “dystrophic”
process but it is a regulated inflammatory process with osteoblast
and neo-angiogenesis markers’ expression.10 The World Health
Organization (commonly referred of as WHO) Consultant’s Report stated that any patient diagnosed by echocardiography with
a silent rheumatic valve should be considered and treated as RHD
until other proof is available.11 Accurate diagnosis is important
to avoid long-term treatment for those who have been diagnosed
and also to prevent further heart damage and the need for surgical intervention (for those who are underdiagnosed). Currently,
there is no diagnostic test for RHD, and the diagnosis is based
solely on the clinical recognition of the major and minor criteria
of Jones (guidelines published in 1944 by Dr T. Duckett Jones,
modified in 2015) with evidence of Streptococcal throat infection.12
The estimated risk for developing rheumatic fever (RF) after
a streptococcal pharyngitis episode is 0.3–3%,13 and a small percentage of RF develops as RHD. The primary risk factor is Streptococcal throat infection. Other types of infections, such as of
group A Streptococci, may lead to RF, as in pyoderma (skin infection); however, age, sex, urban residence, overcrowding, poverty,
offspring of working mothers, and mother illiteracy are also potential risk factors.14 The objective of this study was to determine the
incidence, prevalence and risk factors of RHD among children and
adults in North Darfur State, and to estimate the specificities, sensitivities, and positive predictive values of adding echocardiograph
to the routine of diagnosing RHD patients.
Methods
Study area
North Darfur State is one of the five States composing the Darfurian region, with an area of 296,420 Km2 and a total population
of 2,296,068 in 2017 (Central Statistical Agency of Sudan, 2017
report). Al-Fashir, its capital, had 264.734 residents in 2006; however, that number decreased nearly to half in the last 5 years due to
conflict in the area.
Study design
This is a retrospective study; the data was collected from Al-Fashir
Teaching Hospital. Scientific and ethical approvals were granted
by the Scientific and Ethics Committees of the Institute of Endemic Diseases, University of Khartoum. Addition approvals were
obtained from the North Darfur State Ministry of Health and AlFashir Teaching Hospital Management Board. The data covered
the period from January 2011 to December 2017. The data collected from the hospital files included the clinical records of patients
with confirmed RHD, RF and other cardiac diseases. Demographic
and clinical data were extracted along with each patient’s age, sex,
address, clinical presentations, valve involvement, and final diagnosis. All the studied patients had been selected to be confirmed by
echocardiography after eliciting clinical suspicion.
The steps of the disease diagnosis begun from the outpatient
yard, where the disease history and clinical examinations were performed for all patients. After diagnostic suspicion, all of the patients
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were confirmed by echocardiography (SusKo, CH5-2Transducer;
Siemens), which established the diagnosis. The severity was determined by the American Society of Echocardiography (commonly
known as ASE) modified criteria, and the valve lesion was defined
according to the jet width and camper to the jet ratio (5 mm and
more to the left atrium ratio of 20% was considered severe mitral
regurgitation; and if the jet-valve ratio with the jet width increased
severity of the valve became more intense, a 3 mm jet width with
25% left ventricular outflow tract as confirmed by aortic regurgitation echocardiography). The Doppler mean gradient and valve appearance were both used to calculate the mitral stenosis. The clinical examinations included several processes, and careful cardiac
examination was performed in supine and left lateral decubitus position by an experienced physician. Patients with organic murmur
were detected clinically and confirmed by echocardiography, then
classified as patients with clinically-detected RHD.
Statistical analysis
The statistical software package SPSS (version 17.0) was used to
analyze all the collected data of RHD as percentages, categories
and p-values for statistical significance testing. Evaluation data
were analyzed by one-way analysis of variance (referred to as
ANOVA). The level of statistical significance was set as p<0.05.
Results
The study included in total 1,103 patients who were confirmed
by echocardiography from January 2011 to December 2017. All
patients who were screened by echocardiography were confirmed
with the following diagnoses: RHD, ischemic heart disease, congestive heart disease and cardiomyopathy, (35%, 29.2%, 20% and
15.8% respectively) (Fig. 1). We found that the most affected age
groups among all the patients were those above 25 years, and that
both the age groups between 15–25 years and under 15 years have
an equal incidence of RHD (38%, 31%,31% respectively) (Fig.
2). The incidence of RHD was found to be higher in females than
males, with a ratio of 3:1 (Fig. 3) (Table 1).
Most of the patients in the year 2011 had three-valve involvements, double valve involvements and an isolated valve (55.9%,
26.41% and 14.71% respectively). This contrasted the following
years, which showed a semi-steady decrease of the three-valve
involvements in the RHD patients and that those patients with
three-valve lesions became the fewest among the collective patients with different valves lesions, followed by the isolated valve
involvement patients and dominated by the double valve involvement patients (4%, 38.8% and 57.2% respectively in 2015). In
total, double valve involvement had the greatest incidence, followed by an isolated valve then the three-valve involvement
(40.9%, 35.6% and 23.5% respectively) (Table 2). The peak incidence of the three-valve involvement was the year 2011 (55.9%),
and the lowest incidence year was 2015 (4.1%) (Fig. 4). The most
affected valve in our RHD patients was found to be the mitral
valve, followed by the aortic then the tricuspid valve (56.9%,
27.2% and 15.9% respectively) (Table 3). The highest incidences
of the mitral valve were in 2014 and 2017, in which 100% of
patients had mitral valve lesion with or without other affected
valves (Table 4).
When comparing the same patients, who were diagnosed by
Jones criteria before and after the screened echocardiography to
confirm the diagnosis, we found that the echocardiography screen-
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Fig. 1. Jones criteria for diagnosing rheumatic fever. Data are hospital diagnoses from the period of 2011–2017.

ing adds better sensitivity, positive predictive value and specificities (18.1%, 8.1% and 1%) (Table 5). The peak incidence year
with RHD patients was 2011 (17.6%) and the least affected year
was 2017 (11.6%). The years 2012, 2013, 2014, 2015 and 2016
had a fluctuating range of incidence (14.7%, 16.3%, 13.3%, 12.7%
and 13.9%) (Table 6, Fig. 5). We also found that mitral stenosis is
more common than mitral regurgitation, by a 12.4% difference.
The mitral stenosis represents 56.2% of all the mitral involvement
patients, in comparison to 43.8% represented by the mitral regurTable 1. Male, female differences with rheumatic heart disease

Frequency

%

Valid %

p-value

Male

127

32.8

32.8

<0.05

Female

260

67.2

67.2

<0.05

Total

387

100

100

Valid
Fig. 2. Age groups of rheumatic heart disease in North Darfur State patients.

Table 2. Number and percentage of valve involvement in rheumatic
heart disease patients from 2011–2017

Year

Fig. 3. Incidence rate between male/female patients with rheumatic
heart disease.
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Isolated valve

Double valve

Three valves

2011

14.71%

26.41%

55.88%

2012

35.10%

28%

36.90%

2013

44.40%

44.40%

11.20%

2014

53%

39.20%

7.80%

2015

38.80%

57.20%

4%

2016

37.10%

50%

12.90%

2017

31.20%

42.20%

26.60%

Total

35.60%

40.90%

23.50%
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Fig. 4. Prevalence of valvular abnormality in patients with rheumatic heart disease.

gitation.
The most common aortic type of lesion has been aortic regurgitation, found in 84.7% of the patients with aortic valve involvement, and the least common type of aortic involvement has been
aortic stenosis. We also found all the patients with tricuspid lesion
had tricuspid regurgitation with zero tricuspid stenosis. The most
common clinical presentation of RHD patients has been arthritis,
followed by carditis, arthralgia, chorea and erythema marginatum
(62%, 41.1%, 33.5%, 11.4% and 1%). Most of the patients were
diagnosed with more than one feature (Fig. 6).
Table 3. Accumulative percentages and frequencies of the three-valve
involvements in all the rheumatic heart disease patients

Frequency

Percent Valid Percent p-value

Discussion
RF was first detected by Wig in 1935 and since then most of the
studies conducted in ARF and RHD patients have been identified
by many risk factors associated with the disease,12 such as poverty
and low health access.13–20
Most global studies show an inconsistent association of the male
to female ratio. The epidemiological data indicate there is the same
prevalence of RHD in both sexes,21 which is in contrast to our study,
which demonstrated a higher incidence in females than males (being
Table 5. Sensitivity, specificity and positive predictive value changes before and after addition of echocardiograph to rheumatic heart disease
diagnosis

Jones criteria Jones criteria with
alone
echocardiography

Valid
Mitral

377

56.9

56.9

<0.05

Aortic

180

27.2

27.2

<0.05

Tricuspid 105

15.9

15.9

<0.05

Total

100

100

662

Table 4. Percentages of cardiac valve lesions’ involvement in rheumatic
heart disease patients from 2011–2017

Year

Mitral

Aortic

Tricuspid

2011

91.1%

51.4%

39.7%

2012

98.2%

47.3%

14%

Sensitivity

51.2%

69.3%

Specificity

97%

98%

Positive predictive value

88.3%

96.4%

p-value

<0.05

<0.05

Table 6. Percentage of rheumatic heart disease from 2011–2017

Year

Frequency Percent Valid percent

p-value

2011

68

<0.05

Valid
17.6

17.6

2013

98.4%

44.4%

23.8%

2012

57

14.7

14.7

<0.05

2014

100%

37.2%

17.6%

2013

63

16.3

16.3

<0.05

2015

98%

53%

14.2%

2014

51

13.2

13.2

<0.05

2016

98.1%

40.7%

37%

2015

49

12.7

12.7

<0.05

2017

100%

51.1%

42.22%

2016

54

14

14

<0.05

2017

45

11.6

11.6

<0.05

Total

387

100

100

. The table demonstrates the percentage of each valve involvement annually. As the
patients can have all three valves lesions at the same time, the percentage are overlapping.
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Fig. 5. Prevalence of rheumatic heart disease in Al-Fashir Teaching Hospital from 2011–2017.

3:1). Our findings are in line with previous studies conducted in Sudan and some parts of Asia, such as India and Pakistan, which gave
similar results but showed a lower female to male ratio.21–23 This
could be explained by women seeking medical care more than men,
especially during the antenatal care period, or the opposite, where
women are less likely to seek medical care when they have a strep
throat infection; however, no clear explanation has been identified.
In addition, there is an elevated infection risk of group A streptococcal infection, and RHD may develop if not treated properly; this
constitutes 60% of heart disease during pregnancies.24,25
Our study found a higher rate of sensitivity and specificity in
using the echocardiography to diagnose RHD compared by traditional means of screening, such as auscultation. There have been
several studies in the literature that produced the same finding.26,27
Other studies have also detected the sensitivity rate of 73% and the
positive predictive value of 92% in using echocardiography aligning with the reference criteria.28

The incidence of RHD in North Darfur was found in our study
to be less than in any other area in Sudan which had been studied,
such as South Darfur, which showed 3.3% in Nyala camps during
the year 2016. Khartoum, being the capital city of North Darfur,
was estimated to have 0.03%, and that prevalence are dominated
by the North Kordofan state (with 6.1% of RHD).23–25 On the other hand, our study revealed that North Darfur has only 0.03% of
RHD, which reduced to 0.019% in 2017 (the population density of
North Darfur was obtained from the Central Statistical Organization report).
Another study showed the age groups from 11–30 years to be
the most affected with RHD.23 Similarly, our study confirmed that
age groups above 25 years have higher incidence. This may be related to the lack of health services, timely diagnosis and treatment.
There are general agreements on mitral valve, which has been the
valve disease most associated with RHD, and the mitral regurgitation, as the most common type of lesion in the valve.24,29 Our

Fig. 6. Clinical presentation of the rheumatic heart disease patients.
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Fig. 7. Projected decrease in age-specific mortality from rheumatic heart disease based on country trends from 2000 to 2015. The x-axis demonstrates
the total percentage reduction in mortality for those aged below 25 years (WHF) target between 2013 and the year 2025, if 2000 to 2015 trends continue.
The y-axis illustrates all percent reduction in mortality for those aged 30–69 years (Sustainable Development Goal 3 [SDG3] target) between 2015 and 2030,
if 2000 to 2015 trends continue.

analyses also revealed the mitral valve to be the highest involved
but also found mitral stenosis to be more common when compared
to mitral regurgitation. The inconsistency of those findings may
indicate the higher prevalence of elderly patients, as mitral stenosis
occurs in advanced ARF.30
To control both RHD and RF, there are many factors that should
be considered, starting with benzathine penicillin G administration,31 vaccine availability, primordial, overcrowding, and improving primary and secondary prevention against the disease,
according to the WHO.31,32 The secondary prevention to RF is the
continuous provision of some type of antibiotic to patients with an
exposed history of ARF and documented RHD,31 with consideration to treatment availability and no surgical access. In valvular
disease patients this is particularly important.33,34 The last expansion of the echocardiography screening programs led to a reduction in the burden of RHD and it will continue to better identify
patients while they are asymptomatic, like in silent RHD. The continuous data provided will help in estimating the prevalence of the
diseases and their complications with annual bases.
The study presented herein carries some limitations, such as
having no updated population census in Sudan, no available data
in regard to patient follow-up, and so on.
Future research directions, prospectives, predictions and hypothesis
In 2013, the World Heart Federation called for a 25% reduction in
RHD mortality amid individuals aged <25 years before the year
2025.35 Recently, the United Nations Sustainable Development
Goal 3 (referred to as SDG3) prospected a 1/3 reduction in premature death due to non-communicable disease by the year 2030.36
Predicting that trends in mortality over the last 15 years hold, many
endemic regions are in line to achieve either one of or both targets
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(Fig. 7).37
There are some hypotheses about the role of RHD in being a
risk factor for some neurological diseases, such as with stroke, as
it has been detected that patients with mitral stenosis and atrial
fibrillation have increased 4% liability to have stroke.38 Yet, only
a few studies are being done in this matter, but future studies will
likely clarify the exact role.
Conclusions
This was a retrospective hospital-based study which concluded
that females were more vulnerable to RHD. Moreover, over 25
years-old is the most affected age group, and the incidence of valve
involvement in RHD decreases with time. The sensitivity, specificity and positive predictive value have improved after the addition
of echocardiography to the Jones criteria.
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