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Introduction

Global disparities in cardiovascular research are marked 
and hamper the assessment of Africa’s growth trajectory 
and performance towards sustainable development. 
Despite globalization, point-of-care devices and internet 

accessibility there is still a major gap in health data between 
developed and developing countries (1,2) and a particularly 
huge deficit of accurate and well-defined health data for 
policy-making and care provision planning, particularly 
from the developing countries of Sub-Saharan Africa (SSA). 

Cardiovascular disease profile is unique in SSA, 
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particularly in poor and rural areas where specific problems 
in obtaining health information are found, namely due to 
low access to health services, lack of systematic registration, 
and absence of continuous data collection on the health 
situation (3-5). The epidemiology of poverty-related 
conditions such as rheumatic heart disease and tropical 
cardiomyopathies is only partially described, despite these 
conditions being important drivers of service demand. 
However, cardiovascular diseases are under-represented 
in the health surveillance systems, and for instance in 
Mozambique only aggregated data on hospital mortality 
are collected. Moreover, in this country about 70% of the 
population live in rural areas (6), deprived from basic health 
services (7,8), and a considerable proportion lives below 
the poverty line. Finally, the health system covers only 
40% of the population and suffers from scarcity of staff and 
diagnostics, thus affecting health information availability 
and accuracy. In this context, community-based research 
is important to provide baseline information to monitor 
progress towards the achievement of the sustainable 
development goals (SDG) (9) and cardiovascular disease 
surveillance is mandatory for prioritization of health 
education and services planning. 

A study that demonstrated a high attack rate of 
endomyocardial fibrosis (EMF) for people coming to a 
referral health facility in a rural district in Mozambique (10), 
triggered a series of community-based research projects that 
helped to raise the profile of this mysterious and forgotten 
disease. The implementation of these studies has been a 
major source of information and constituted a learning 
experience for those involved. In this review we describe 
this population-based research, discuss the challenges faced 
in implementing such studies, and explore the opportunities 
created by collaborative projects directed to neglected 
diseases. 

EMF: a neglected disease

Tropical EMF is a poverty-related disease of unknown 
origin that afflicts predominantly young people of certain 
rural areas in some low-income countries. EMF is the 
most common restrictive cardiomyopathy worldwide 
(11,12) characterized by deposition of fibrous tissue in 
the endomyocardium, leading to progressive heart failure 
and death if left untreated. Dietary, environmental and 
infectious factors seem to combine in susceptible individuals 
to give rise to an inflammatory process that leads to 
endomyocardial damage and scar formation that leads to 

ventricular retraction and atrioventricular valve dysfunction, 
and predisposes to mural thrombosis, arrhythmia, 
thromboembolism and chronic cardiac failure (13-15) 
(Figure 1).

To date no single factor can explain the occurrence 
of EMF worldwide. While environmental factors are 
clearly involved as suggested by the finding of the disease 
in foreign people after short stays in endemic area (16) 
there also appears to be considerable familial recurrence  
(17-19). In the absence of knowledge on the exact triggers 
and mechanisms of disease, most research has been 
descriptive, and treatment is symptomatic. This is clearly 
shown by the relatively small number of EMF publications 
on PubMed—considering its high morbidity and poor 
outcomes—since its description in 1948 (20). Table 1 shows 
EMF studies published on PubMed in the last 5 years using 
the word “endomyocardial fibrosis” and excluding case 
reports and articles that do not refer to the characteristic 
tropical EMF accessed on 1st June 2019 (21-27).

Despite data suggesting the reduction in incidence of 
EMF in some parts of the world, several studies in recent 
years have shown that EMF is an important cause of 
service demand in Africa (28,29) and recent publications 
on the profile of EMF in African patients submitted to 
echocardiography corroborate this. A retrospective review 
of echocardiographic reports for studies performed between 
January 2012 and December 2013 at Uganda Heart 
Institute evaluated all primary left-sided valve disease and 
revealed endomyocardial diagnosis in 22 (1.7%) of the 
3,582 patients (30). EMF patients had moderate to severe 
mitral valve regurgitation due to involvement of the mitral 
valve in left ventricular or biventricular EMF; patients were 
aged 13–39 years and 72% were females (30). Khalil and 
colleagues in Sudan described EMF in 23 (0.5%) patients 
(52% females; age 24 to 67 years) out of 4,332 cases 
studied in four different hospitals in Khartoum, Sudan, 
recommending a high index of suspicion as all patients 
presented in functional class III-IV with advanced heart 
failure (23). In Cote d’Ivoire a retrospective study on 2,612 
patients subjected to open heart surgery between 1978 
and 2013, 126 had EMF (mean age 12; balanced between 
right sided form 39, left sided form 40, and bilateral  
form 47) (31). In a referral hospital in Yaounde, Cameroon 
of the 1,430 children who had a cardiac anomaly detected 
on echocardiographic investigation and recorded on 
their medical files between January 2006 to December 
2013, 46 (3.2%) had EMF (median 10 years; no sex  
predominance) (32). In a shorter study (5 months) in the 



281Cardiovascular Diagnosis and Therapy, Vol 10, No 2 April 2020

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2020;10(2):279-288 | http://dx.doi.org/10.21037/cdt.2019.08.07

Poverty & Triggers
↓

Initial illness or Subclinical illness           →      “Burnt out case”
(Systemic illness) Pancarditis & eosinophilia                  Minor residual 

heart lesion

↓
Low protein cassava diet    →         Stunted body 

growth
↓

Low plasma amino acid profiles due to overuse for growth and pregnancies 

↓ 

Plasma amino acid profiles below critical levels

|

Acute myocarditis: inflammatory infiltrate with eosinophils (necrotic phase)

Endocardial thickening, thrombosis, inflammatory infiltrate (thrombotic phase)

Most prominent at the apices due to poor apical endomyocardial supply and to 

maximal mechanical stress and sluggish flow at the apices

↓

Failure of cardiac cell repair

(because the endocardium receives a poorer blood supply from end arteries)

↓

Endomyocardial degeneration

(exaggerated with cerium and cassava)

↓

Endomyocardial Fibrosis

Endomyocardium replacement by collagen, superficial thrombosis with less 

inflammation and dilated atrium (Fibrotic phase)

↓

Mural thrombosis, Thromboembolism

Chronic heart failure

Arrhythmia

Figure 1 Diagram of EMF hypothetical pathogenesis, pathophysiology and natural history (adapted from Sezi 1996, Olsen 1990 and Parry 
1965) (13-15).

Table 1 Endomyocardial fibrosis studies found on PubMed in the last 5 years indicating type of study and number of patients included 

Author, year of publication (ref) Type of study Number of patients Country Subject

Gupta, 2018 (21) Prospective 154 (49 new patients) India Description of clinical findings

Sayegh, 2017 (22) Prospective 26 (15 healthy controls) Brazil Cardiopulmonary exercise testing

Khalil, 2017 (23) Case series 23 Sudan Echocardiographic and laboratory 
findings

Leena, 2016 (24) Retrospective 11 India Magnetic Resonance Imaging

Nabunnya, 2015 (25) Clinical trial 16 Uganda Intervention: use of prednisolone for 
management of ascitis

Beaton, 2014 (26) Descriptive 71 (137 controls) Uganda, 
Mozambique

Genetics-HLA 

Bossa, 2014 (27) Descriptive 27 (38 controls) Brazil Cytokines, inflammation
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same country EMF corresponded to 13.9% of the 156 
echocardiographic exams performed for acquired heart 
disease in children [0–18] (33). EMF was the diagnosis in 7 
(6.4%) of 110 children diagnosed with AHD in a prospective 
study conducted in a teaching hospital in Nigeria from 1st 
July 2009 to 30th June 2014 (34). Again, from Nigeria, 
a study of 116 children (mean age 6.7 years) referred for 
echocardiographic evaluation who had confirmed AHD 
in three centers in Nigeria over 42 months found 3 EMF 
cases (2.3%) (35). These studies had different designs but 
it is interesting to see that the occurrence of EMF varied 
from 0.5% in series that included adults to 13.9% when 
the denominator was children with acquired heart disease  
(Table 2).

Study area

Community-based studies to assess the prevalence of EMF 
were implemented in Inharrime District, in the southern 
province of Inhambane, in Mozambique in the 2000s. 
Located in southern coastal Mozambique, the district of 
Inharrime is bordered by the Indian ocean, encompassing 
an area of 2,744 km2 and according to estimates projections 
from 2007, the district would have 122,907 inhabitants in 
2014 (36). Fishing and familiar agriculture are the most 
important activities that the local people relaying to their 
subsistence with a very low income (37). The central village 
that hosts the administration is located 400 km from the 
first referral hospital with cardiologist. Less than 1% of 

households have access to electricity and potable water; 
there is a small number of health facilities and this reduced 
access to health services (36). The population density varies 
from high in the main village (Vila Sede) to extremely low 
in Nhapadiane (where many families have their nearest 
neighbour as far as 0.5 to 1 km from their house). 

Methods

In order to document the geographical distribution of this 
disease in Southern Mozambique, a review of the medical 
records of patients treated at Maputo Central Hospital 
between 1987 and 1999 was performed (10). In this 
initial hospital-based study analysis was restricted to cases 
originating from the 3 provinces of Southern Mozambique. 
Cumulative incidences were computed for the period of 
1987–1999, by age group, sex and residential district at 
disease onset. The geographical distribution of the disease 
in the 34 districts (administrative subdivisions) of the study 
area was then mapped. 

In subsequent pilot community-based research led by 
B. Ferreira, we used cardiac auscultation for screening 
and echocardiography for confirmation of EMF cases 
(unpublished data). Recognizing that EMF may be 
asymptomatic and severe patients would not be able to 
reach the health facilities where echocardiography was being 
performed, we then deployed a large community-based study 
using echocardiographic screening in randomly selected 
households, to capture the highest possible number of 

Table 2 Original research from Africa indicating the burden of EMF in patients submitted to echocardiography in hospital series in the last  
5 years 

Author, publication date (ref) Population characteristics Frequency Country (study duration)

Rwebembera 2018 (30) Retrospective review of echocardiographic reports from 
patients aged 13 to 39 years old

22/3,582 (1.7%) Uganda (24 months)

Khalil 2017 (23) Data from four different hospitals in Khartoum, Sudan 
in cardiac patients with age 26 to 67 years old

23/4,332 (0.5%) Sudan (on-going)

Yangni-Angate, 2016 (31) Surgery for cardiac disease (mean age 12) 126/2,612 (4.8%) Cote d’Ivoire (25 years)

Chelo et al. 2015 (32) Echocardiographic investigation and recorded reports 
of children (mean age 10 years) 

46/1430 (3.2%) Cameroon (84 months)

Nkoke et al. 2015 (33) Echocardiographic exams performed for children  
0–8 years old with acquired heart disease 

22/156 (13.9%) Cameroon (5 months)

Sani 2015 (34) Acquired heart disease patients in a prospective study 
conducted 

7/110 (6.4%) Nigeria (60 months)

Wilson 2014 (35) Echocardiographic evaluation of children (mean age  
6.7 years) with confirmed acquired heart disease 

3/116 (2.3%) Nigeria (42 months)
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participants. Sample selection was done by clustering at two 
levels: povoados and households. We selected 33 out of the 
59 villages by simple random sampling. Community leaders 
from the selected villages created a list of all households in 
each povoado, from where the first household was selected 
by random sampling. Second stage clustering was done 
after arrival to the index household. Upon arrival informed 
consent was obtained, identification cards were issued to the 
family, and each member was assigned a unique identification 
number. The exact location of the house was captured 
using a GPS system to enable future follow up. Households 
surrounding the index family within the limits of the village 
were noted, a number attributed to each and simple random 
selection of the next household to be visited done. This 
procedure was repeated for the following families until we 
reached a minimum of cluster size of 30 subject. 

Recruitment was conducted in 2007 and collected data 
on socio-demographic characteristic of the household (age, 
gender, race, household composition) and cardiovascular 
health (physical examination and echocardiography). A 
thorough list of household geographic location and its 
head’s names was prepared with the help of community 
leaders, to facilitate randomization. A cardiologist, who was 
the Principal Investigator, led the research team (17). 

Main findings 

Although not undertaken in the community the first 
study analysed the geographic origin of EMF patients at 
the main referral hospital in Mozambique over a 10-year 
period, showing a striking high attack rate in the district of 
Inharrime (10), which had almost 7 times more EMF cases, 
when compared to other referring districts, including many 
that were closer to this cardiology unit. 

The screening followed by echocardiography study found 
that 8% of people screened had EMF, confirming this disease 
as a major form of heart disease in that region (unpublished 
data); these figures were thought to be an underestimation 
of the real size of the problem, since cardiac auscultation 
can be normal in a considerable number of EMF patients 
with severe echocardiographic abnormalities (38,39), 
particularly right forms with free tricuspid regurgitation.

Finally, the prevalence of EMF using exclusively 
echocardiographic screening in all ages was 19.8%, showing 
that this technique adds sensitivity and precision to the 
diagnosis, by detecting early disease and asymptomatic 
individuals. A non-uniform distribution of the prevalence 
was found in the district with 12 out of the 33 selected 

counties reaching prevalence of more than 25%, while 
others had less than 5% of people affected. The areas with 
higher prevalence of EMF were located mainly near lakes 
or rivers, but weather this is of relevance in search for an 
environmental factor as the trigger of EMF is an issue 
that needs to be further studied (17). Out of 214 families,  
99 had no EMF cases, 63 had one case and 52 had more 
than one case. No correlation was found between the 
percentage of subjects with EMF in a family and the 
observed family size (correlation =0.095; P=0.17), but 
the chance of having the disease was higher when other 
members of the family had it (P=0.001, using a logistic 
regression model). If EMF status was independent of other 
members of the family, the prevalence among families 
with at least one case would be approximately 28%. The 
observed prevalence was approximately 32% when another 
member of the family had the disease and reached 39% 
for subjects with three or more family members having the 
condition (17).

Some limitations to this study need to be highlighted. 
Firstly, echocardiographic findings suggesting EMF but 
not reaching the necessary scores to be considered definite 
cases may represent either early stages of the disease or are 
forms of mild disease persisting in quiescent stage forever. 
Secondly, 186 (14.9%) eligible individuals were absent 
and therefore were not submitted to echocardiographic 
screening, but the results of the analysis of the demographic 
characteristics of these individuals did not differ from those 
found in the whole sample of the population. The mean age 
of the absent was 22.6 years (Se =0.5), and 99 were adult 
male who worked in neighbouring South Africa. Thirdly, if 
genetic factors are involved the high prevalence of EMF in 
the Mozambique study (17) may be related to our sampling 
methodology of familial clustering and counting all 
individuals in a family, in which case it might be informative 
to recalculate prevalence based on only an index case per 
family. 

Currently, efforts to follow up patients detected in 
the community are undergoing in this endemic area to 
understand the natural history and outcomes of EMF in this 
community, but re-evaluations at planned time points have 
been delayed by civil war incidents in 2016/2017 (40).

Lessons learned 

These studies highlighted the need for further research into 
the mode, mechanisms and rate of progression of EMF, as 
well as the role of genetic susceptibility in determining its 
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different phenotypes and familial occurrence. Our program 
also unveils the challenges of implementing longitudinal 
community-based research in low-income countries such as 
Mozambique. 

The main barriers encountered were mostly related 
to poor implantation of administrative authorities and 
infrastructure in the most remote areas, but also to poverty 
and lack of adequate environment to perform certain 
measurements within the households. Corroborating 
data from the national censuses showing low number of 
public infrastructures—especially secondary schools (36)—
considerable number of children did not attend school 
due to the long distances from home; early withdrawal 
was common, particularly for girls. The mapping of the 
setting shows sparse administrative, education and health 
infrastructures, thus resulting in reduced access to health 
care and administrative services for those in remote areas. 

While researchers were aware of mobility issues during 
the rainfall season—related to poor road infrastructure—
low distribution of the power network, existence of blind 
spots on the telecommunication network, and frequent 
change of phone numbers by the participants where the 
biggest hurdles when trying to coordinate fieldwork, making 
it impossible to timely contact participants or community 
leaders from remote zones. As people practice subsistence 
agriculture (slash and burn agriculture), and often shift from 
one place to another looking to more fertile soils (41), lack 
of reliable ways of communication becomes a major barrier 
to the success of fieldwork. 

Another major barrier was the fact that given names in 
this community are often changed at time of schooling, 
while traditional names are continuously used inside the 
family circle. Quite often only the father or elder siblings 
know the “official given name”. In addition, like in other parts 
of the country, only few children are officially registered 
and have a national identification number prior to entering 
school. Moreover, with a low proportion of children born in 
hospital in these remote areas (42), not all have their birth 
dates correctly registered or hold health cards with their 
names. 

Emigration is another serious challenge, particularly for 
follow-up studies. In our prevalence study in Inharrime 
District 186 (14.9%) eligible individuals were absent at the 
time of the study and therefore could not be observed; their 
mean age was 22.6 years (Se =0.5) and the proportion varied 
between 9.6% and 22.4% in different villages (17). Half of 
the absent (99 out of 186) were adult male who lived and 

worked in the neighbouring country of South Africa. 
Finally, language can also be a major barrier, as more 

than 50 languages are spoken in Mozambique (43). In 
this endemic area for EMF only a small proportion of 
participants were fluent in Portuguese, the official language 
in Mozambique. Thus, research teams would always include 
trained members of the community acting as guides, 
translating the questionnaires, as well as liaising with the 
community-leaders and participants.

The constraints we discussed represent a threat to the 
scientific quality of data acquisition, systematization and 
information/feedback sharing (3,4,44) and need to be 
considered when planning longitudinal studies in rural 
settings in Africa. Strategies to overcome these challenges 
include an extensive initial profiling of the setting and 
multiple preparatory contacts with local stakeholders, 
which may be very expensive and time-consuming. In 
our experience, baseline data should include as much 
information as possible and include obtaining multiple 
modes of contact, pictures of the setting—and eventually 
of the participants—to serve as a recall aid years later. 
We strongly believe that these measures are key to 
success, while lack of vital statistics, transport network, 
reliable telecommunications, and widespread services 
of education and health are available in these rural 
communities.

Perspectives 

Diagnosis & management

While local cardiologists easily make the diagnosis of 
EMF, they are few and thus there is need to increase 
physicians, health personnel, population and health 
authority’s awareness of the disease. The provision of 
standard diagnostic criteria and clear nomenclature for the 
different stages of the disease, would allow standardization 
of classification and progress in management. Due to 
complexity of the mechanisms involved and lack of 
understanding of the pathways to heart failure, there 
is probably need to incorporate pre-clinical features, 
biomarkers and modern imaging modalities to the 
classification. Moreover, an international expert committee 
might be needed to support writing up a standard 
international classification for diagnosing the condition, 
and supporting the management of its various stages and 
forms.
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Biomarkers 
The definition of the biological profile of EMF patients is 
of paramount importance, particularly clarifying the role of 
the eosinophil. Eosinophil cationic protein released from 
activated eosinophils are known to increase the release 
of TGF-β1 from fibroblasts, potentially the mechanism 
by which they cooperate in remodelling of the extra 
cellular matrix leading to airway fibrosis in asthmatic 
patients (45). Eotaxins—the most potent chemoattractant 
for eosinophils, inducing their local recruitment from the 
microcirculation as well as rapid mobilization of bone 
marrow eosinophils, in synergy with IL5 (46,47)—have 
been shown to be produced in cardiac tissue from EMF 
patients, namely by smooth-muscle cells, endothelial 
cells, alveolar macrophages, lymphocytes, eosinophils. 
Relating this research to EMF mechanisms may provide 
knowledge to identify new therapeutic targets and 
potentially alter the natural history of EMF, considering 
that drugs to control hypereosinophilia, high levels of IL-5 
and eotaxins are currently available (48-50). Biomarkers 
such as BNP can potentially be relevant to early diagnosis 
of paucisymptomatic EMF but are still unaffordable in 
endemic regions. 

Imaging 
Echocardiography is the most readily available technique 
for EMF diagnosis and seems to correlate well with findings 
in surgery (51) and post-mortem, but magnetic resonance 
imaging (MRI) is particularly useful in patients with 
distorted anatomy and for monitoring response to medical 
and surgical treatment (52). MRI is an expensive technique 
and thus unavailable in most endemic areas for EMF (53). 
When available it may be used to confirm presence of 
thrombus or calcification, delineate hypoperfused areas 
corresponding to fibrosis, assess their extension using 
delayed hyperenhancement and provide hemodynamic 
information (53,54). 

Management 
Systematic evaluation of the outcomes of therapies 
used in EMF is lacking. A clinical trial that recruited 35 
EMF patients with large ascitis randomized to receive  
1 mg/kg per day of prednisolone or placebo and followed 
for up to 8 weeks showed that short-term prednisolone use 
is safe but does not prevent re-accumulation of ascites (25). 
Regarding surgery—initially based on extensive endocardial 

resection associated with atrioventricular valve prosthesis—
the technique has evolved and currently addresses the 
different disease components; reparative operations target 
fibrous plaques interfering with regional ventricular 
function, reduced ventricular volume due to ventricular 
obliteration, immobilization of the papillary muscles from 
atrioventricular valves, chordal abnormalities, fusion of the 
leaflets to the wall, dilatation of the tricuspid and mitral 
annulus, and massive atrial dilatation (55). Additionally, 
procedures of cavopulmonary shunting have been added 
to deal with right ventricle obliteration or retraction. 
Progress in surgical techniques has been supported by 
developments in imaging techniques such as tissue Doppler  
imaging (56), tridimensional echocardiography (57), 
computed tomography (58) and MRI (24). 

Research 
After initial work looking at different etiological hypothesis 
for EMF, most publications on this condition have been 
case reports or descriptive studies in hospital setting. 
Recognition of the need for partnerships to developed 
research capacity in African institutions has led to 
collaborative work between researchers in affected regions 
and their partners from developed world. In the 2000s in 
Mozambique research using portable cardiac ultrasound 
assessed EMF prevalence in the general population, defined 
diagnostic criteria to improve disease profiling and proposed 
new surgical techniques for disease management. More 
recently, Uganda—the country that pioneered EMF-related 
research in the 40 s (59)—and Mozambique, two countries 
with low health budgets (60) and high prevalence of poverty-
related chronic cardiovascular diseases (61) have partnered for 
community-based research in Mozambique (62) (Figure 2). 
As an example of this regional effort, genetic susceptibility 
is being explored in a Pan-African multicenter prospective 
cohort study (the IMHOTEP registry) aiming to phenotype 
and classify adults and children with cardiomyopathy, 
perform genetic association studies for susceptibility genes, 
and determine the outcome of cardiomyopathy in Africans.

Because the knowledge gap is huge for EMF, its reported 
decline in some geographic areas must not lead to retraction 
in interest from researchers and funding bodies, particularly 
as new knowledge in endothelial cell biology, inflammation, 
hemostasis, regulation of collagen synthesis, remodelling and 
mechanisms of fibrosis may allow earlier detection and uncover 
new therapeutic targets for this highly debilitating condition. 
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