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Background: Rheumatic heart disease (RHD) is prevalent in Sudan’s rural areas including Gezira state 
in central Sudan. We initiated a control program aiming at measurement of the echocardiographic (echo) 
prevalence of RHD, training of health workers and public awareness.
Methods: This is a cross-sectional and interventional study conducted in Gezira State, Al Managil Locality 
from Nov 2016 to February 2018. We used handheld echo (HHE) to detect the prevalence of RHD in 
school children and those tested positives were referred for standard echo. In addition, training on detection 
of RHD for health professionals was offered using training modules for physicians and nurses. Evaluation of 
health facilities was carried out using a questionaire. This was coupled with educational sessions to increase 
public awareness about RHD using posters and pamphlets. 
Results: Two thousand and one hundred twenty-nine school children were screened, 36 cases were 
positive by HHE, out of these 31 underwent standard echo and 5 were confirmed to have RHD, giving an 
echo prevalence of 2.3/1,000. All cases had mild mitral regurgitation. Knowledge, attitudes and practices 
of 175 health workers were assessed then a tailored training program was implemented. Practices that are 
not compatible with Sudan’s RHD Guidelines were detected including performing skin testing prior to 
administration of benzathine penicillin and under-utilization of local anesthetic to decrease the pain when 
giving the injection. Benzathine penicillin was available in only 32% of health facilities and only 25% of their 
personnel received training in RHD management.
Conclusions: RHD echo prevalence in Gezira is relatively high and the health system needs to be 
strengthened. A double approach, screen-to-control program that utilizes HHE screening, health workers’ 
training, public awareness and providing medical supplies in primary health care centers is feasible.
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Introduction

Rheumatic  heart  disease  (RHD) is  a  devastat ing 
complication of acute rheumatic fever (ARF), a preventable 
sequelae of group A beta-hemolytic streptococcal 
infection in young people living in underdeveloped 
countries. RHD is considered the most common cause 
of heart disease in people less than 25 years in Sudan and 
worldwide (1,2). In referral centers, it was noted that 
the majority of RHD patients come from certain states 
including Kordofan, Darfur, White Nile, Gezira and 
Sennar (3). A program for control of RHD was established 
in 2012 through collaboration between Sudan Heart 
Society and Federal Ministry of Health with the main 
objectives of surveillance, training and public awareness 
(3,4). An echocardiographic (echo) screening program 
was established in 2015, results from South Darfur and 
Khartoum showed a wide disparity in echo prevalence; 
19/1,000 in Darfur and 0.3/1,000 in Khartoum (5). In 
Kordofan, west of Sudan a strikingly high echo prevalence 
of 61/1,000 was documented which correlated with the 
findings of the hospital registry where most patients came 
from Kordofan area (6). More echo screening programs 
are needed in order to map the prevalence of RHD in 
other states and consequently establish control programs 
in high burden areas. This study was carried in order to 
measure the echo prevalence and start a control program 
in Gezira state, central Sudan.

Methods

This project consists of 3 arms: a cross-sectional study 
to measure the echo prevalence of RHD and evaluate 
the health care centers’ readiness to manage the disease 
and a comparative interventional study to improve health 
workers knowledge and practices as well as the public 
awareness about RHD. It was conducted in Gezira State, 
Al Managil Locality in central Sudan from Nov 2016 to 
Feb 2018. Gezira has an area of 27,500 square kilometers 
and population of 2.8 million, mostly living in rural areas. 
There is a cardiac center in Wad Medani, the capital of 
Gezira State where pediatric and adult cardiology and 
cardiac surgery services are available. The poverty rate in 
Gezira is 37% (7) Al Managil locality, 46 kilometers from 
Wad Medani has a population of 99,500 (Figure 1). It was 
selected based on the finding of a relatively high rate of 
RHD patients coming to the heart center from this area. 

Echo screening

A sample size of 2,300 school children was calculated based 
on an estimated echo prevalence in Gazira of 10/1,000 
derived from the average between Khartoum (0.3/1,000) 
and South Darfur (19/1,000) (5). All primary Schools in 
Al Managil were listed and a simple random sample was 
selected equally from both boys’ and girls’ schools. In each 
school, classes 5–8 were selected and all the pupils were 
invited to participate.

Ethical approval 

The study was approved by the University of Khartoum, 
Faculty of Medicine Ethics Committee. Administrative 
approval was obtained from Gezira State Ministry of Health 
and Al Managil Locality Health and School Authorities. 
Consent forms were distributed to the pupils through their 
school administrators and the pupils were instructed to 
show to their parents. Only those who agreed to participate 
were included in echo screening. Children with abnormal 
results and their families were counseled and advised to 
receive the appropriate treatment and follow up. 

Echo protocol

Three handheld Echo (HHE) machines (V Scan—General 
Electric) were used. This machine has a single probe with 
a frequency 1.7–3.4 megahertz. It has storage capacity and 
a battery that lasts about 2.5 hours. A team of pediatric 
cardiology fellows and residents was trained on the use 
of HHE. A simplified “one view” protocol utilizing the 
parasternal long axis was adopted (8). Four images were 
recorded, two images using 2-dimensional echo and 2 with 
color Doppler. All the studies were recorded and stored to 
be reviewed offline by 2 pediatric cardiologists. Abnormal 
result was defined as definite or borderline by the modified 
WHF criteria (9). 

Confirmation of abnormal HHE results

School children with abnormal results were called through 
their school administrators and the families were informed. 
Transportation was arranged to Wad Medani Heart Center 
where a standard echo (SE) study was performed for each 
child by a pediatric cardiologist using General Electric 
(Vivid 7) Echo machine. The standard echo protocol 
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involves all the standard echo views and color as well as 
spectral Doppler, the later is not available in HHE machine.

Health workers’ training

A database of all health workers in Al Managil Locality was 
obtained from the health authorities. This includes physicians, 
nurses, medical assistants, pharmacists and pharmacist 
assistants, health promoters and community health workers. 
Questionnaires were designed for physicians and for other 
health workers that included the following domains:

(I)	 Diagnosis and management of streptococcal 
pharyngitis;

(II)	 Diagnosis and management of ARF;
(III)	 Administration of benzathine penicillin (BPG).
Visits to health facilities were conducted and the health 

workers were invited to attend training workshops that 
were arranged in Al Managil City. Three workshops were 
conducted and the questionnaires were filled before and 
after the workshop. The workshop material addresses the 3 
above domains based on the Sudan’s Guidelines on Acute 
Rheumatic Fever and Rheumatic Heart Disease Management 
and Prevention (10). Practical sessions on administration of 
BPG were conducted with emphasis on certain practices, 
namely the workers were shown that there is no need to do 
skin testing using dilute BPG prior to the injection. They 
were trained on the use of lidocaine (local anesthetic) as a 
diluent for the BPG powder in order to reduce the pain.

Health facility evaluation

The health facilities in the locality were visited by the 

research team. A standardized questionnaire was used 
to collect information about staff numbers and training, 
medications, equipment and records.

Health education

School visits that were made to arrange for the Echo 
screening were used to introduce health education about 
ARF/RHF to school children and teachers using posters, 
pamphlets and video clips.

Statistical methods

For assessing prevalence of RHD: the ratio descriptive 
analysis was used in term of prevalence. For assessing 
readiness of health facilities simple absolute numbers and 
percentages was used. We assessed outcome variables pre 
and post intervention (training of healthcare providers). Chi 
square with point estimate P value was used an inferential 
statistic to test for significance. To evaluate interobserver 
agreement for the 2 cardiologists who interpreted the 
HHE studies, we randomly selected a sample of 30 echo 
studies and did a kappa test. Bias-adjusted kappa (equal to 
2 × agreement-1) was used to determine the inter-observer 
agreement.

Results

Echo prevalence

Ninety percent of children who were invited participated 
in the study. There were no differences in the response 
rate between the different sites. A total of 2,302 school 

Figure 1 Sudan’s map (left), Al Managil area magnified with the 9 screening sites shown.
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children, age 11–15 years from 9 sites were screened 
(Figures 1,2). On reviewing the echo studies, 173 (8%) were 
found to be technically inadequate and were excluded. The 
remaining 2,129 were analyzed by 2 cardiologists. RHD 
was found in 36 cases (2%) using HHE, 20 had definite 
and 16 borderline RHD. Thirty-one children attended for 
SE at Wad Medani Heart Center and out of these, 4 cases 
were confirmed to have RHD, 20 had physiologic MR 
and 12 had a normal echo. Five children were not able to 
attend for SE for social reasons. The HHE studies of the 
five patients who did not attend for SE were reviewed for 
the third time and it was found that1had definite RHD  
(Figure 3 ) ,  the remaining 4 had physiologic MR. 
Considering this case, the total number of cases of RHD 
is 5 (4 definite and 1 borderline) indicating a prevalence of 
2.3/1,000 (Figure 2). All the positive cases have mild MR, in 
addition, the definite cases have thickened anterior mitral 
valve leaflet and chordate tendineae. None had AR or 

mitral stenosis. All patients with definite RHD were started 
on 3 weekly BPG injections. The child with borderline 
disease was asked to come for a follow-up echo in a 6 
months’ time. Bias-adjusted kappa showed fair agreement 
between cardiologists (50%) with the diagnosis of definite 
versus borderline RHD.

Other heart disease detected by HHE

The most common abnormality apart from RHD was 
mitral valve prolapse which was identified in 10 patients 
(prevalence of 4.6/1,000), one case of cardiomyopathy and 
one of aortic root dilatation were detected. All these cases 
were advised to attend for follow up.

Health workers’ training

A total of 175 health workers were enrolled, 150 
medical assistants/nurses and 25 physicians. The pre 
and post workshop knowledge of, attitudes and practice 
towards ARF and RHD were tested. The performance 
of physicians in answering the questions in regards to 
diagnosis and management of streptococcal pharyngitis, 
improved from 40 (before the session) to 80% (after 
the session) (P=0.032). Regarding knowledge about 
diagnosis and management of ARF, their performance 
improved from 30% to 88% (P=0.041). Before the 
session, 52% physicians were practicing skin testing using 
dilute BPG before giving the intramuscular injection, 
after the session, only 8% mentioned that a skin test is 
needed (P=0.011). None of the health workers was using 
lidocaine to decrease pain and, 96% of them changed 
their response after the session (P=0.001) (Figure 4). For 
medical assistants and nurses, the response to questions 
about management of bacterial pharyngitis improved 

Total Echo studies =2,129 Positive by HHE =36

Standard Echo done =31 Positive by standard Echo =4

3rd revision of HHE =6 Positive on 3rd revision =1

Total positive =5

Prevalence = 2.3/1,000

Figure 2 Schematic figure showing the outcomes of the echo study. 

Figure 3 Handheld echo image showing mild MR. 
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from 38% to 85% (P=0.021). Response to questions 
regarding management of ARF improved from 20% to 
78% (P=0.031) 50% of them were practicing skin test 

using dilute BPG and this decreased to 12% after the 
session (P=0.012). Only 66% were using of lidocaine as a 
diluent to decrease the pain of injection and this increased 
to 92% after the session (P=0.012) (Figure 5).

Health facilities

Forty health facilities were included, 32 (80%) were 
primary health centers and 8 (20%) were secondary centers. 
Availability of medications needed for management of RHD 
is shown in Table 1. Records for ARF and RHD were found 
in 9 (22.5%) and 7 (17.5%) of the centers respectively. 
Only 2 (5%) of the staffs in the studied centers received 
training on RHD management, the need for more training 
in management of ARF/RHD was reported by 24 (60%) of 

Figure 4 Physicians’ response (%) to questionnaire before and after the training session.

Figure 5 Health workers’ (%) response to questionnaire before and after the training session.
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Table 1 Percentage availability of items needed for RHD management 
in health facilities 

Item
Availability  

(% of health facilities where it is available)

Benzathine penicillin 32

Adrenaline 50

Antihistamine 95

Lidocaine 2% 95

Syringe 90
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the staff.

Health awareness sessions

Awareness sessions about prevention of ARF/RHD were 
delivered to school children and teachers in 12 primary 
schools (Figure 6).

Discussion

Sudan is the third largest country in Africa with a 
population of 34 million, poverty rate of 46.4%, per capita 
income of US$1,270, Its human development index is 0.490 
with a ranking of 165. Poverty rates vary widely between 
59% in Darfur, 37% in Gezira and 26% in Khartoum (7).  
The echo prevalence of RHD found in Al Managil of 
2.3/1,000 is low relative to other areas in Sudan and to 
RHD-endemic countries, however, it is much higher 
than that in the capital Khartoum (0.3/1,000) (5) which 
correlated with the higher poverty rate of Gezira compared 
with Khartoum. 

The prevalence in Al Managil is clearly lower than areas 
in Sudan such as South Darfur where an echo prevalence 
of 19/1,000 was documented (5), The latter is comparable 
to Mozambique (30.4/1,000) and Cambodia (21/1,000) (11) 
and other African countries such as Ethiopia (31/1,000) and 
in South Africa (20/1,000) (12).

On the other hand, the prevalence of 61/1,000 by HHE 
detected in North Kordofan (6) is extremely high and may 
reflect additional factors such as genetic susceptibility. 
While all the cases of RHD in Al Managil showed mild 
disease, 10% of cases from Kordofan manifested a severe 
form of RHD. Moreover, the number of valve lesions seen 
in Al Managil was less than Kordofan and Darfur where 
many cases of aortic regurgitation and mitral stenosis were 

detected (5,6). The relatively low prevalence in Al Managil 
could be explained by the semi-urban nature of the area, 
the better socioeconomic status and the proximity to large 
cities where there is a relatively better health care system 
compared to Kordofan and Darfur. Similar to the marked 
discrepancy that we found between Khartoum, Al Managil 
and Darfur, variations between urban and rural prevalence 
in the same country has been documented in other countries 
such as in South Africa (12). Ethnic and socioeconomic 
factors are recognized to affect the distribution of RHD 
within the same country. In New Zealand, the Maori/
Pacific population and in Australian indigenous population 
RHD prevalence was disproportionately high compared to 
other ethnic groups (13,14). Beside the socio-economic and 
health system factors, genetic factors may be contributing to 
this discrepancy as there was lower rates of RHD in Sudan’s 
eastern and northern regions as recorded in the hospital 
register. It was shown that screening in primary health care 
centers yields more positive results than school screening 
and this may be contributing to the observed relatively low 
prevalence in Al Managil (15).

There was a high rate of positive cases by HHE studies 
compared with SE. This was due to the lower threshold 
to diagnose borderline RHD in patients with physiologic 
MR and mitral valve prolapse, both are relatively common 
and can lead to over diagnosis of RHD. As the overall rate 
of RHD was low, echo reviewers opted to include all cases 
of suspected RHD. A high rate of false positive had been 
reported by Beaton et al. and had been related to erroneous 
color Doppler jets and inappropriate measurement of the 
MR jet (16). 

In addition to RHD, echo screening revealed a 
prevalence of mitral valve prolapse of 0.46% which is 
comparable to that reported in the literature of 0.5–1% (17).

Health workers knowledge of, attitudes and practice 
towards ARF/RHD were found to be poor and this 
is apparently due to the lack of training as has been 
documented in the health facility evaluation. Although 
the RHD control program was introduced in 2012, 
it is only recently that the Ministry of Health started 
implementing it in the rural states. Many of the health 
workers were using dilute BPG to perform a prick skin 
test for penicillin allergy prior to BPG injections, a widely 
prevalent practice which is not evidence-based. The 
use of lidocaine as a diluent for BPG in order to reduce 
pain, has been recommended by the Sudan’s guidelines, 
however, is not practiced by the health workers (10). 
The workshops helped to correct these practices that are 

Figure 6 School children, teachers and research team member 
(HAH) during an awareness session.
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crucial for BPG administration. Health worker training 
has a central role in RHD control programs that needs 
to be instituted to all levels of health care personnel 
including physicians and non-physicians (18). Successful 
programs such as in Cuba conducted training of health 
workers in primary care settings as part of other control 
measures such as registries and health awareness (19).  
Education of the public about RHD can effectively improve 
health seeking behavior and attitudes therefore, improves 
early diagnosis and treatment (20). This is particularly 
important as bacterial pharyngitis episodes can be mild and 
underreported to the health care providers. Similarly, ARF 
arthritis typically improves spontaneously and the patient 
will be missed during this critical window. Sudan adopted 
clear and consistent messages for public awareness (no sore 
throat, no sore joints) as shown in the photo. The situation 
of health facilities indicates a remarkable shortage in BPG, 
the cornerstone of RHD management. This drug is listed as 
an essential medicine; however, it was available in only 32% 
of health facilities. Only few staff received training about 
RHD management and most of them expressed their desire 
to have more training. These findings indicate the need for 
more training of health workers and provision of necessary 
medical supplies through a Ministry of Health sustainable 
program. This study, as well as the similar studies in 
Kordofan and Darfur utilized HHE screening as a tool to 
map the disease in order to identify the high burden areas 
and consequently established control measures: a double 
approach policy. Many studies were conducted in Africa and 
other RHD endemic countries aiming to measure the echo 
prevalence of RHD, however, few combined echo screening 
with establishing control measures. We adopted this double 
approach model: “screen-to-control” which is feasible 
using local health system competencies. We recommend 
implementing this approach at primary health care level in 
RHD-endemic areas. HHE has proven efficacy, therefore, 
referring to SE may not be needed if the health personnel 
are well trained. 

Conclusions

RHD echo prevalence in Al Managil-Gezira is higher than 
Khartoum but it is significantly lower than that of Kordofan 
and Darfur. A double approach control program that 
utilizes HHE screening together with establishing control 
measures has been implemented. The study identified 
important gaps in the health system of the area. 

Limitations

The children who did not attend for standard echo may 
have an important effect on the final echo prevalence. 
Screening was done in schools rather than the community 
and this may underestimate the prevalence.
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