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Hippocratic Oath

I swear to fulfill, to the best of my ability and judgment, this covenant :
I will respect the hard-won scientific gains of those physicians in whose steps I walR, and
gladly share such Rnowledge as is mine with those who are to follow.
I will apply, for the benefit of the sick, all measures [that] are required, avoiding those twin
traps of overtreatment and therapeutic nihilism.
I will remember that there is art to medicine as well as science, and that warmth, sympathy, and
understanding may outweigh the surgeon's Rnife or the chemist's drug.
I will not be ashamed to say "I know not," nor will I fail to call in my colleagues when the skills
of another are needed for a patient's recovery.
I will respect the privacy of my patients, for their problems are not disclosed to me that the
world may Rnow. Most especially must I tread with care in matters of life and death. If it is
given me to save a life, all thanks. But it may also be within my power to take a life ; this
awesome responsibility must be faced with great humbleness and awareness of my own frailty.
Above all; I must not play at God.
I will remember that I do not treat a fever chart, a cancerous growth, but a sick human being,
whose illness may affect the person's family and economic stability. My responsibility includes
these related problems, if I am to care adequately for the sick,
I will prevent disease whenever I can, for prevention is preferable to cure.
I will remember that I remain a member of society, with special obligations to all my fellow
human beings, those sound of mind and body as well as the infirm.
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Rheumatic heart disease (RHD) is a chronic valvular heart condition resulting after a single
severe or multiple episodes of untreated acute rheumatic fever (ARF). It is considered a disease of
poverty, as it has almost disappeared in wealthy countries, however, it has been increasing in
low- and middle income countries according to data of the 2019 Global Burden of

Cardiovascular diseases [1,2].

ARF is caused by a complex interaction between group A streptococcus (GAS), a vulnerable
host and environmental factors, which commonly affects the joints and heart. The cardiac
involvement remains the gravity of this disease, which can be the origin of cardiac valves fibrosis,
resulting of chronic heart failure. In contrast to joints involvement that always heal without

sequelae[3].

Currently, the advancement of echocardiography and Doppler technology has allowed for a
more accurate assessment of valvular damage, improved monitoring, and consequently a

significant enhancement in the management of rheumatic carditis [4].

One of the most significant challenges in managing rheumatic heart disease is its late
diagnosis, frequently attributable to the absence or under-diagnosis of preceding acute
rheumatic fever episodes. Many patients in low- and middle-income countries present with
advanced RHD without a documented history of ARF, which can lead to delayed initiation of
secondary prevention, thereby permitting disease progression and culminating in severe

morbidity or mortality.

The objective of our study was to conduct a descriptive analysis of the characteristics of
chronic rheumatic heart disease, by examining the epidemiological, clinical, and
echocardiographic profile through an analytical study conducted in Marrakesh, Tahannaout and
Chichaoua. This analysis aimed to identify the factors contributingto the delayed diagnosis and

management of RHD.
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|. Study type:

We conducted an observational, analytical study on patients followed for chronic rheumatic
valvular heart disease and patients who have undergone cardiac surgery for rheumatic valvular

affections over a period of 6 months, from February to July 2023.

For that purpose, patients were questioned using a survey that we developed for this study.

Il. Aim of the study:

This study aims to assess the epidemiological, clinical, and echocardiographic features’
findings in comparison to existing literature. We also identify the factors implicated in the delay

in diagnosis and management of RHD.

lll. Population:

1. Inclusion criteria:

Our target was patients followed for chronic rheumatic heart disease in the Cardiology
Department at the Mohammed VI University Hospital, the Mohammed VI Provincial Hospital in
Tahannaout, the Mohamed VI Provincial Hospital in Chichaoua, a private cardiology practice and
patients who have undergone cardiac surgery for rheumatic valvular affections in the

Cardiovascular Surgery Department at the Mohammed VI University Hospital.

2. Exclusion criteria:

We have excluded from the study, the patients with:

e Conditions not considered of rheumatic etiology, including:
% Patients with degenerative valvular lesions

% Patients with congenital valvular lesions

% Patients with systemic diseases

< Patients with infectious diseases (Syphilis...)

% Patients with a medical history of radiotherapy

% Patients with inconclusive anatomopathological findings for RHD
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e Patients with unusable or lost medical records.

IV. Methods:

1. Data collection:

On one hand, the data (epidemiological profile, clinical profile and echocardiographic
features) were obtained during consultations in the cardiology departments. On the other hand
the data were provided by a thorough review of medical records in the cardiovascular surgery
department at the Mohammed VI University Hospital. Following the record review, the patients

were contacted to complete the necessary information.

The data from each patient was summarized in a patient medical sheet which contains our
different studied criterions inclusive of: demographic characteristics, past medical history,

clinical presentation, and echocardiographic profile. (Detailed in the Annex)

The demographic characteristics of the patients included data regarding their place of
residence, distinguishing between urban and rural areas, and the region they resided in. Socio-
economic conditions were assessed using several parameters, including the number of people
living in the household, the number of rooms in the household, the educational level of the
parents, sanitation facilities, access to clean water supply, household electrification, and access

to healthcare services.

Additionally, the patients were inquired about their past medical history, including
occurrences of recurrent tonsillitis, arthralgia, arthritis and previous episodes of acute rheumatic
fever. For patients with a history of acute rheumatic fever, the 2015 revised Jones Criteria were
searched for, and the prescribed treatment and secondary prophylaxis were reviewed. It should
be noted that patients with a history of acute rheumatic fever in childhood could be diagnosed

according to the older Jones criteria.

Furthermore, the data regarding the circumstances of the onset of rheumatic heart

disease and its clinical manifestations were collected. The assessment of the severity of
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rheumatic heart disease and its consequent impact were accomplished through the

utilization of echocardiography.

2. Statistical analysis:

We recorded the collected data and performed a data analysis using Microsoft Excel

2021 version, and IBM SPSS Statistics.
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I. Epidemiologic profile:

1. Establishment:

Our research encompassed both the public and private healthcare sectors and included a
total of 150 participants. Within the public sector, representing 90% of the study population, the
investigation included the Cardiology and Cardiovascular Surgery Departments of Arrazi Hospital,
the Mohammed VI Provincial Hospital in Tahannaout, and the Mohamed VI Provincial Hospital in

Chichaoua. Conversely, the private sector encompassed 10% of the studied population (Figure 1).

Private sector

o,
A 10'{6‘\ Cardiology
Mohammed VI department, Arrazi
Hospital, hospital

Tahannaout ___ /_40%

8%

Cardiovascular

surgery /
department, Arrazi

hospital
36%

Figure 1: Distribution of the patients according to the establishment
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2. Origin:

The patient demographic predominantly consisted of individuals from Marrakesh (37.3%),
which comprised the largest proportion of the study population, followed by Tahannaout (10%),

Chichaoua (8%) and, El Keldaat Es-Sraghna (8%) (Figure 2).

Ouarzazate [ 5
Essaouira [ 5

El Kelaat Es-Sraghna [N 12
chichaoua I 12

Origin

Tahannaout [N 15
Marrakesh | 56
Others  NEEEEEEN— 45

0 10 20 30 40 50 60
Number of cases

Figure 2: Distribution of the patients according to the origin

The majority of the patients in the study were from the Marrakesh-Safi region (83%)

(Figure 3).
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Figure 3: Distribution of the patients according to the region
3. Age:

The age distribution of the patients in the study ranged from 9 to 80 years, with a median
age of 43.5. A high frequency was observed in the age group between 40 and 49 (Figure 4). It
should be noted that the two patients aged 80 years had mitral stenosis, which is why they were

included in the study.
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Figure 4: Distribution of the patients according to age groups

4, Gender:

In our study, we noted a female predominance, with 73% of the participants being female

and 27% male, yielding a sex-ratio of 0.38 (Figure 5).

Male; 27%

~

\Female; 73%

Figure 5: Distribution of the patients according to the gender
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Il. Socioeconomic Status:

1. Occupation:

Patients' occupations in the study ranged from homemakers to laborers, employees, and
students. Homemaking was the most common occupation among the patients, accounting for

66% of the total. Additionally, 9.33% of the patients were students (Figure 6).
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.
[ | - —
é}
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Figure 6: Occupation of the patients
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2. Health insurance:

The most common health insurance among the patients was RAMED (Régime de
I’Assistance Médicale), followed by AMO (Assurance Maladie Obligatoire). Additionally, 16% of the

patients had no health insurance (Figure 7).

Saham assurance
) 1%

None___—

16%
“_AMO

63%

Figure 7: Distribution of the patients according to the health insurance

13



Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

3. Area of residence:

The majority of the patients were recruited from urban areas (56%), and the remaining

patients came from rural areas (44%) (Figure 8).

Rrural area —_—
44%

Urban area
56%

Figure 8: Distribution of the patients according to the areas of residence
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4. Number of people per household:

The mean number of individuals per household in the study population was 6.51 (Figure 9).

12,0 il 2

10,0 Wl 3

9,0 I 13

80 I 24

7,0 I ——— 28

6,0 I ———— 36

5,0 I — 28

Number of ppl per household

4,0 I 13
30 Il 3

0 5 10 15 20 25 30 35 40

Number of patients

Figure 9: Distribution of the patients according to the nhumber of people per household

5. Number of rooms per household:

The mean number of rooms per household in the study population was 3.25 (Figure 10).

60 M s

50 I o

40 I 36

3,0 | — 70

20 I 28

Number of rooms per household

1 W2

0 10 20 30 40 50 60 70 80

Number of patients

Figure 10: Distribution of the patients according to the number of rooms per household
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6. Parent's education level:

In our study population, educational attainment among the patients' parents was notably
low. Specifically, 90% of mothers had not received formal schooling. In contrast, among the
fathers, 23.33% had completed primary school education, 20.67% had attained a middle school

level of education, and 48% were unschooled. (Figure 11).

140 135
120
100
80 72
60
40 35 31
20
9 12
: -
Unschooled Primary school Middle school High school

m Mothers education level m Fathers education level

Figure 11: Parents’ education level

7. Sanitary facilities:

Among the population studied, all 124 patients had access to at least one toilet in their

house (Figure 12).

16
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12: Distribution of the patients according to the number of toilets and shower rooms

8. Water supply:

Of the patients evaluated in the study, 92.7% had access to potable water.

9. Household electrification:

Of the patients evaluated in the study, 93.3% had access to electricity.

10. Access to healthcare:

Within our study, we found that 92% of the cases had some form of healthcare. Specifically,

about 25.36% could see only a general practitioner, while about 74.64% had the advantage of

seeing both a general doctor and a specialist. Unfortunately, around 8% lacekd any form of

access to primary healthcare (Figure 13).

17



Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

Figure 13: Access to healthcare

lll. Clinical profile:

1. Past medical history

a) History of recurrent tonsillitis

A history of recurrent tonsillitis was present among 72% of the patients in the study (Figure
14). Furthermore, 52.78% of these patients had more than five episodes per year (Figure 15), and

60% remained untreated (Figure 16).

18
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Figure 14: Distribution of the patients according to the history of tonsillitis
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Figure 15: Distribution of the patients according to the number of episodes per year
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b

No; 65; 60%_,

Figure 16: Treated cases of tonsillitis

b) History of arthralgia/arthritis:

Out of the 150 patients evaluated in our study, we noted that 93 (62%) had a history of

arthralgia, and only 2 (1%) had arthritis (Figure 17). Among these cases, the site of arthralgia was

localized to the large joints in 92.47% (Figure 18), and only 8 (8.42%) of these patients consulted

a doctor.

20



Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

None

37% N

\_ Arthralgia
62%

Arthritis _/

1%

Figure 17: Distribution of the patients according to the history of arthritis/arthralgia
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Figure 18: Localization of arthralgia/arthritis:
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c) Tonsillectomy:

Only 4 of the patients (2.67%) evaluated in our study had a history of tonsillectomy.

d) Family history of ARF:

A family history of Acute Rheumatic Fever was present within 5 patients (3.33%) in our

study.

e) Personal medical history of ARF:

Our study reported a history of acute rheumatic fever in 31 patients (21%) (Figure 19).

Figure 19: Distribution of the patients according to the personal medical history of ARF

f) Prescribed treatment:

In the management of patients diagnosed with acute rheumatic fever within our study,
various therapeutic interventions were prescribed. Corticosteroids were administered to 19
patients, 10 patients received benzathine penicillin G, while Aspirin was prescribed for 3

patients. Additionally, 8 patients (25.8%) reported having received no treatment (Figure 20).
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Figure 20: The prescribed treatment for patients with a history of ARF

g) Secondary prevention:

55% of the patients with a history of acute rheumatic fever benefited from secondary

prevention.

h) Recurrence of ARF:

None of the patients in our study reported a recurrence of acute rheumatic fever.
i) Jones criteria:

Among the patients with acute rheumatic fever in our study, 12 patients (38.71%)
presented with polyarthralgia, 2 patients (6.45%) had monoarthritis, and 10 patients (32.26%) had

carditis.

Regarding minor criteria, 22 patients (70.97%) had hyperpyrexia, and only 6 patients
(19.35%) had an erythrocyte sedimentation rate (ESR) = 30 mm/h and/or C-reactive protein (CRP)

> 3.0 mg/dl (Table I). It shoud be noted that 6 patients had undocumented ARF history.
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Table I: Jones Criteria

Variable N (%)
Major manifestations

Polyarthralgia 12 (38.71)
Carditis 10 (32.26)
Monoarthritis 2 (6.45)
Polyarthritis 0 (0)
Erythema marginatum 0 (0)
Subcutaneous nodules 0 (0)
Chorea 0 (0)
Minor manifestations

Hyperpyrexia 22 (70.97)
Monoarthralgia 0

ESR = 30 mm/h and/or CRP = 3.0 mg/dI 6 (19.35)
Prolonged PR Interval 0(0)
Evidence of preceding streptococcal 6 (19.35)
infection

2. Rheumatic heart disease

a) Age of diagnostic

The median age of diagnosis for rheumatic heart disease in our study was 39 years.

b) Circumstances of onset

The circumstances of onset in our study ranged from the beginning of symptoms to

complications (Figure 21), the surveillance of acute rheumatic fever, and incidental findings.
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Figure 21: Distribution of the patients according to circumstances of onset
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Figure 22: The complications precipitating the diagnosis of RHD
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¢) Clinical manifestations:

Among the 150 patients evaluated in our study, 137 (91.33%) suffered from dyspnea, 49

(32.67%) had asthenia and 43 (28.67%) had palpitations (Figure 23).

Sycope I 4
Chest pain _ 21
cough [N 24

Dyspnea 137

=]

20 40 60 80 100 120 140 160

Number of patients

Figure 23: Clinical Manifestations among the Patients with RHD

d) Complications:

The complications observed in our study ranged from atrial fibrillation, and heart failure to

pulmonary hypertension (Figure 24).
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Figure 24: The complications observed in the study

e) Cardiac echography:

Table Il depicts the various combinations of valvular involvement in the study population.
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Table II: Valvular affection in RHD patients

Type of lesion N (%)
Isolated Mitral regurgitation (MR) 26 (17.33)
Isolated Mitral stenosis (MS) 14 (9.33)
Mitral disease 28 (18.68)
Isolated Aortic regurgitation (AR) 2 (1.33)
Isolated Aortic stenosis (AS) 2 (1.33)
Aortic disease 7 (4.67)
MR +AR 12 (8)

MR + AS 2 (1.33)
MS + AR 10 (6.67)
MS + AS 2 (1.33)
MR + MS + AR 15 (10)
MR + MS + AS 3(2)

MR + AR + AS 4(2.67)
MS + AR + AS 6 (4)

MR + MS + AR + AS 17 (11.33)

Common valve lesions included mitral regurgitation in 107 patients (71.33%), mitral

120

stenosis in 95 patients (63.33%), aortic regurgitation in 73 subjects (48.67%), and aortic stenosis

in 43 subjects (28.67%). The severity of each valvular lesion is illustrated in Figure 26.
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Figure 25: Total prevalence of valvular affections
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Figure 26: Distribution of valvular lesions according to severity
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The impact of rheumatic heart disease is illustrated in Table Ill.

Table lll: The impact of rheumatic heart disease

Variables N (%)

Left ventricle (LV)

Dilated 34 (22.67)
Left ventricle hypertrophy 10 (6.67)
LV function

Moderately reduced 12 (8)
Severely reduced 2 (1.33)
Left atrium

Dilated 109 (72.67)
Ectasia 6 (4)

Right ventricle dilation 16 (10.67)
Right ventricle

Moderately reduced 11 (7.33)
Severely reduced 2(1.33)
Tricuspid regurgitation 105 (70)
Mild 36 (24)
Moderate 53 (35.33)
Severe 16 (10.67)
Pulmonary hypertension 72 (48)
Mild 25 (16.67)
Moderate 27 (18)
Severe 20 (13.33)
Atrial fibrillation 25 (16.67)
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I. Historical Background:

Acute rheumatic fever is a disease known since antiquity. In fact, Hippocrates described it
as a non-fatal febrile disease affecting the joints and primarily occurring in childhood.
Thereafter, there was often confusion within the term *“arthritis” regarding various joint
diseases. In 1591, Guillaume de Baillou applied the term “Rheumatism” to what was referred to
as “arthritis”, thereby emphasizing the nosological entity of ARF. In 1812, the English physician
William Charles Wells recorded the first clinical study on the association between ARF and
cardiac valve lesions[5]. In 1835 and 1836, Jean Baptiste BOUILLAUD identified the valvular
heart lesions, which he associated with ARF. He then published his “law of coincidence” between
rheumatism and cardiac disease[6]. In 1840, he stated that more than half of 300 patients with
cardiac disease dated their symptoms from an attack of acute rheumatism[7]. In 1931, the
responsibility of hemolytic streptococcus in the pathogenesis of ARF was demonstrated by the
work of Schlesinger, Coburn, and Collis[8]. In the 1930s and 1940s, in the United States and
Europe, ARF, and chronic rheumatic heart disease were among the leading causes of death in
young individuals aged 5 to 20, and second after tuberculosis in the 20 to 30 age group[9]. In
1944, Jones established the diagnostic criteria for ARF that bear his name[10], and which have
been modified several times, notably revised twice by the American Heart Association (AHA), in
1992 and recently in 2015 [11]. In 1949, Hench and Kendall established a therapeutic protocol
combining penicillin and corticoids[12]. Previously, sulfonamides and salicylates had been
prescribed. In 1963, Kaplan and colleagues demonstrated a relationship between group A
streptococcal antigen and antibodies in human myocardial tissue, the first time the
immunological hypothesis had been proven[13]. Moreover, echocardiography has emerged as a
cornerstone in screening programs to assess the prevalence of rheumatic heart disease [14]. In
2012, the World Heart Federation developed the echocardiographic criteria for rheumatic heart
disease[15]. In 2020, the Australian guidelines were published, which align with the 2015

revised Jones criteria, although there are differences in the definition of the population risk[16].
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Il. Review of acute rheumatic fever and rheumatic heart disease:

1. Natural history [17-201:

The natural history and progression of acute rheumatic fever and rheumatic heart
disease remain incompletely understood. Studies support the view that ARF results from an
autoimmune response to pharyngeal infection caused by the sole member of group A
Streptococcus, Streptococcus pyogenes. Furthermore, the infecting strain and the genetic
predisposition may play a crucial role in the development of ARF. In fact, 0.3-3% of people with
GAS pharyngitis develop ARF. The finding of more severe cases of RHD at a young age in Sub-

Saharan Africa is linked to genetic background and recurring group A Streptococcus infections.

The chronic nature is considered as long as this disease is not discovered during the first

episode of acute rheumatic fever and the cardiac involvement is already present.

2. Pathogenesis:

Rheumatic heart disease’s pathogenesis involves an immune response consisting of
humoral and cellular components[21]. GAS antigens activate both B and T cells following the
GAS adhesion to and invasion of the pharyngeal epithelium. This process requires the
expression of M protein and fibronectin-binding proteins by GAS[22,23]. This bacterium evades
host defense mechanisms through the presence of M protein and hyaluronic acid capsule
leading to its carriage and persistence[24]. The host response is initiated by neutrophils,
macrophages, and dendritic cells, which are responsible for phagocytosing bacteria and
presenting antigens to T cells. Both B and T cells respond to the GAS infection through antibody
production and T cell activation. In susceptible individuals, this immune response cross-reacts
with host tissues such as the heart, joints, skin, brain, and subcutaneous tissues. This process
known as molecular mimicry, is the cornerstone of this disease’s pathophysiology (Figure 27)
[25]. This antigen mimicry occurs due to structural similarity (epitopes) between the host

tissues and GAS antigens, leading to their recognition by antibodies and T cells.
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Figure 27: Generation of a cross—reactive immune response in ARF [17]

The pathogenesis of rheumatic carditis and valvulitis involves a combination of cellular
and antibody-mediated mechanisms. The valve endothelium and lamina are the primary targets
of antibodies directed against cross-reactive group A Streptococcus polysaccharides, although
there is also a reaction towards myocardial myosin[23]. This antibody cross-reactivity initiates
inflammatory responses on the valve surface and upregulates the expression of VCAM-1
(Vascular cell adhesion molecule 1), facilitating the binding, infiltration, and extravasation of
cross-reactive T-cells. These T-cells have cross-reactivity with streptococcal M proteins and
host alpha-helical protein antigens (e.g., myosin, laminin, tropomyosin, or vimentin). Upon
differentiation into CD4+ TH1 cells, they produce gamma interferon, which induces scarring
and fibrosis, as well as IL-17A, which promotes neovascularization in the normally avascular
valve tissue[26,27]. These processes increase the susceptibility of the valve to cellular

infiltration through both the activated valve endocardial surface and the neovascularized scar
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tissue. Additionally, antibodies to collagen have been detected in rheumatic heart disease and
may contribute to valve damage, albeit this pathway becomes activated only after the valve has
already suffered damage and the underlying collagen is exposed. Notably, Aschoff bodies

represent the characteristic histopathological lesions observed in RHD[28].

3. Diagnosis:

The diagnosis of acute rheumatic fever is primarily established using clinical criteria
known as the Jones Criteria and by excluding other differential diagnoses[10]. The Jones
Criteria were initially established in 1944 and have undergone multiple modifications, revisions,
and updates, with the most recent occurring in 2015. These criteria consist of major and minor
manifestations (Figure 28). To diagnose an initial episode of ARF, a patient must present with
either two major manifestations or one major manifestation along with at least two minor
manifestations. For a recurrent episode of rheumatic fever, the patient must display either two
major manifestations, one major coupled with two minor manifestations, or three minor
manifestations alone. Additionally, evidence of preceding infection with Group A Streptococcus
needs to be demonstrated, typically through streptococcal serology. However, there are
exceptions to these criteria for patients presenting with chorea or indolent carditis. These
manifestations may only become apparent months after the initial streptococcal infection, and
as a result, additional manifestations may not be present, and streptococcal serology testing

may appear normal in such cases.

Arthritis, observed in approximately 75% of patients, and fever, present in over 90% of
patients, are the most common initial manifestations of acute rheumatic fever. The disease
often affects large joints unilaterally, with frequent involvement of the knee, elbow, wrist, and
ankle. However, the hip and shoulder joints, despite being large, are rarely affected. Arthritis is
migratory, transitioning from one joint to another. The arthritis in each joint lasts for a duration
shorter than two weeks[29]. Diagnosing ARF-associated arthritis can be challenging due to the
wide range of potential differential diagnoses, particularly when patients present with isolated

monoarthritis. In such cases, it is crucial to exclude septic arthritis. Notably, the arthritis seen
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in ARF shows a robust response to anti-inflammatory medications like aspirin and nonsteroidal
anti-inflammatory drugs (NSAIDs). If there is no improvement within 48-72 hours after
initiating treatment, alternative diagnoses should be considered[30]. Before the 2015 revised
Jones criteria, arthritis was considered a major criterion for the diagnosis of rheumatic fever.
However, under the updated criteria, the classification of arthritis as a major criterion depends
on the population’s risk. In low-risk populations, only polyarthritis is considered a major
criterion, whereas in high-risk populations, both monoarthritis and polyarthritis are considered

major criteria.

As per the final Jones criteria, polyarthralgia is considered a minor criterion in low-risk
populations, while monoarthralgia is considered a minor criterion in moderate- and high-risk
populations, including our country. However, the exclusion of the other causes by differential
diagnosis is very important in terms of making an accurate diagnosis when joint findings are

used for the diagnosis[29].

Subcutaneous nodules and erythema marginatum are less frequent manifestations of ARF,
occurring in less than 10% of patients. Subcutaneous nodules are painless, small (0.5-2 cm in
diameter), and develop over bony prominences or extensor tendons. Erythema marginatum
manifests as bright pink, blanching macules or papules that spread outward in a circular

pattern, typically observed on the trunk and proximal limbs[31,32].

Carditis, affecting more than 50% of ARF patients, is predominantly characterized by
valvulitis, particularly involving the mitral valve (mitral regurgitation) and less commonly the
aortic valve (aortic regurgitation)[33]. Moderate or severe valvular regurgitation can lead to
cardiomegaly. The 2015 revision of the Jones Criteria introduced the inclusion of Doppler
echocardiography as a recommended diagnostic tool for assessing cardiac involvement in ARF.
Both clinical and subclinical carditis now fulfill a major criterion, even in the absence of typical

auscultatory findings[14].
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Chorea, observed in up to 30% of ARF cases, is characterized by involuntary and
purposeless movements of the trunk, limbs, and face. It can also occur as an isolated feature
without other ARF manifestations or recent streptococcal infection. In such cases, it is crucial to
exclude other potential causes of chorea, such as drug reactions, systemic lupus
erythematosus, Wilson disease, and other conditions. An echocardiogram should be performed

as chorea is strongly associated with carditis[17].

The 2015 revision of the Jones Criteria was undertaken by the American Heart Association
in response to emerging data regarding differences in the presentation of ARF between low-
and moderate-high-risk cohorts. Moderate-high risk is defined as a population with an ARF
incidence of more than 2 per 100,000 school-aged children per year or an all-age rheumatic
heart disease prevalence of more than 1 per 1,000 people per year. In moderate-high-risk
populations, the inclusion of monoarthritis, in addition to classic polyarthritis, fulfills a major
manifestation. This modification aims to enhance the sensitivity of the criteria in areas where

ARF remains endemic while maintaining high specificity in low-risk regions[14].
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Criteria Patient population*

Major Low risk*

Moderate and high risk

Minor Low risk*

Moderate and high risk

Manifestations

e Carditis? (clinical and/or subclinical®)
* Arthritis (polyarthritis only)

® Chorea

* Erythema marginatum

* Subcutaneous nodules

* Carditis (clinical and/or subclinical)

* Arthritis (including monoarthritis, polyarthritis
or polyarthralgiall)

¢ Chorea

* Erythema marginatum

* Subcutaneous nodules

* Polyarthralgia

® Fever (=38.5°C)

* An ESR of 260 mm per hour and/or CRP
of >3.0mg perdL'

* Prolonged PR interval, after accounting for age
variability (unless carditis is a major criterion)

* Monoarthralgia

* Fever (=38°C)

* An ESR of 230 mm per hr and/or CRP
of 23.0mg perdL'

* Prolonged PR interval, after accounting for age
variability (unless carditis is a major criterion)

Figure 28: The Jones Criteria 2015 for the diagnosis of rheumatic fever[17]

The 2020 Australian guidelines are in alignment with the revised Jones criteria, although

there are differences in the definition of the population risk as these guidelines consider

endemic settings are populations with ARF incidence over 30 per 30 per 100,000 per year in 5-

14 year-olds or RHD all-age prevalence over 2 per 1,000 (Figure 29).
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Risk Setting
High risk e Living in an ARF-endemic setting’
e Aboriginal and Torres Strait Islander peoples living in rural or remote
settings

¢ Aboriginal and Torres Strait Islander peoples, and Maori andfor Pacific
Islander peoples living in metropolitan households affected by crowding
and/or lower socio-economic status

¢ Personal history of ARF/RHD and age < 40 years

May be high ¢ Family or household recent history of ARF/RHD
risk e Household overcrowding (> 2 people/bedroom) or low sacio-economic
status

* Migrant or refugee from low or middle income country and their children

Additional e Prior residence in a high ARF risk setting
considerations e Frequent or recent travel to a high ARF risk setting
which increase e Aged 5-20 years (peak years for ARF)

risk

Figure 29: Risk groups for acute rheumatic fever and Rheumatic heart disease[30]

4. Treatment:

The management of ARF is based on an etiological treatment, targeting streptococcal

infection, as well as a symptomatic treatment (anti-inflammatory treatment).

Hospitalization is necessary in all cases, and rest is essential and applies to all individuals.
Complete bed rest is recommended for 2 weeks in the absence of carditis and 4 to 6 weeks in

its presence[34].

The purpose of anti-infective treatment is to sterilize the pharyngeal infectious foci, and
its duration is 10 days. It is based on penicillin G at a dose of 2 million IU per day in two
injections or penicillin V at a dose of 2 million IU per day divided into 3 doses taken with meals.
Benzathine Benzyl Penicillin allows for a single injection at a dose of 1.2 million IU for adults
and children over 30 kg, or 600,000 IU for children under 30 kg. Erythromycin, at a dose of 40

to 50 mg/kg/day in 3 oral doses for 10 days, is used in cases of penicillin allergy[35].

The anti-inflammatory treatment is based on salicylates and corticosteroids[36]. Some

authors consider salicylates as the treatment of choice during an acute crisis, given in high
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doses. If fever or inflammatory symptoms persist, corticosteroid therapy is initiated. Other
authors systematically use corticosteroid therapy in cases of carditis, preferably oral prednisone
at a dose of 1 to 2 mg/kg/day in a single dose for 3 to 4 weeks (maximum 80 mg/day),
followed by a gradual decrease of 5 mg every 3 to 5 days. Adjunctive measures will be
prescribed, including a hypoglycemic, restricted-sodium diet with potassium and calcium
supplementation[37]. In the absence of carditis, oral salicylates are used at a dose of 100 to
120 mg/kg/day in 4 doses for 15 days (maximum 6 g/day), followed by a gradual decrease
over 4-6 weeks to a maintenance dose of 75 mg/kg/day. However, according to the 2020
Australian guidelines, corticosteroids are considered for use in selected cases of severe carditis,
despite meta-analyses in which overall benefit was not evident. In all cases, salicylates are

prescribed at a dose of 75 mg/kg/day for 6 weeks[34].

Surgical treatment is indicated in the presence of functional symptoms, clinical signs of
valvular severity, heart failure, pulmonary hypertension, or based on echocardiographic
evidence of severe valvular disease with cardiac impact. The surgical treatment can either be
conservative, involving valvuloplasty or open-heart surgery with valve repair, or radical by valve

replacement[37].
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lll. Discussion of the results:

1. Epidemiologic aspect:

3.3 FErequency:

Figure 30: The global burden of RHD[17]

Change in age-
standardized prevalence
of RHD (1990-2013)
B >20% decrease
B 10-20% decrease
5-10% decrease
<5% decrease
<5% increase
5-10% increase
B 10-20% increase
B >20%increase
No data available
Number of prevalent
cases of RHD (2013)
* <50,000
* <100,000
@ <500,000

@ <1,000,000
@ <2.500,000
. <5,000,000

. <8,000,000
. >8,000,000

The incidence of acute rheumatic fever varies significantly worldwide (Figure 30). In

fact, it is influenced by multiple factors such as geographic location, climate, economic and

nutrition status, housing and sanitation, gender, and family susceptibility[38]. It is estimated

that the prevalence of ARF ranges from 8 to 51 per 100000 people worldwide[39]. Accurate

estimates of ARF and RHD disease burden are lacking due to a paucity of comprehensive

disease registries, and the underreporting of both acute and chronic cases from endemic areas

for Streptococcus pyogenes infections[18]. In Morocco, there has been a slight decrease in the

incidence of acute rheumatic fever over a period of 10 years. The incidence rate decreased from

20.5 cases per 100,000 inhabitants in 2000 to 18.3 cases per 100,000 inhabitants in 2010. The
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decrease is more significant for rheumatic heart disease, with the incidence rate decreasing
from 6.3 cases per 100,000 inhabitants in 2000 to 3.1 cases per 100,000 inhabitants in 2010.
The average incidence rate of ARF among the age group of 5 to 14 years old was 33.1 cases per
100,000 population[40]. Compared to Uganda, a conducted study in 2019 estimated the
incidence of definite ARF among children of the same age group as 25 per 100000 person-
years[41]. In Victoria (Australia), the overall incidence of ARF between 2010 and 2019 was 0.8

per 100 000 5-14 year-olds[42].

The African continent, which represents 18% of the world's population, also accounts
for half of the children affected by rheumatic heart disease globally[43]. In Morocco, two
school-based surveys conducted in Rabat and Casablanca revealed a prevalence rate of
rheumatic heart disease equivalent to 10.5 cases per 1000 and 3.5 cases per 1000
respectively[44]. According to a study conducted by the World Health Organization (WHO), the
prevalence of rheumatic heart disease among children aged 5 to 14 years is estimated to be 7.6
cases per 1,000 among the indigenous population of Australia, New Zealand, and the Pacific
region. In sub-Saharan Africa and Latin America, the prevalence is estimated to be 3 cases per
1,000, while in the Middle East and North Africa, it is 1.9 cases per 1,000. In Central Asia, the
prevalence is estimated to be 1.6 cases per 1,000. The same study also estimates that the

global number of rheumatic heart disease cases ranges from 15.5 to 19.6 million[45].

However, some statistics remain controversial, especially in developing countries, and
have been criticized by recent studies for underestimating the prevalence of ARF/RHD, as they
were based only on clinical examination without echocardiographic screening, which increases
the detection of RHD[46], given that echocardiographic examination has a sensitivity of 81%
and a specificity of 93% for diagnosing rheumatic heart disease and subclinical valvular
pathologies[33]. Table IV provides a comparison between the prevalence found in some clinical
studies and studies that primarily rely on echocardiography as the main diagnostic tool for

rheumatic heart disease.
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Table IV: The prevalence of ARF and RHD depending on the diagnostic method employed.

Location Year Number of Number of ARF or Prevalence
examined patients |RHD cases detected

Studies based essentially on clinical examination

India[47] 2007 118.212 61 0.5/1000
Egypt[48] 1998 5465 34 6.2/1000
Nepal[49] 1997 4736 6 1.2/1000
Studies based essentially on echocardiographic screening
Egypt[50] 2022 1560 36 23/1000
India[51] 2017 16,294 125 7.7/1000
New Zealand[52] 2016 465 10 22/1000
Mozambique[53] 2007 2170 66 30.4/1000

Despite advances in medical knowledge and treatment, RHD remains a significant
public health problem in many parts of the world, particularly in low-income countries. One
reason for this is that RHD is often only diagnosed at the stage of carditis, when the heart

valves have already been damaged, and not during the earlier stage of acute rheumatic fever.

According to the literature, 40% to 60% of cases of ARF will develop RHD[54]. Considering
the reported cases of ARF from 2000 to 2010, which amounted to 63,622 cases, we can
estimate the minimum number of RHD cases (using the 40% threshold) to be approximately
25,448. However, the surveillance system only reported half of that number (12,690). This
underreporting is partly attributed to the lack of a standardized definition within the system

and the limited availability of echocardiography[40].

Furthermore, the results indicate that the peak prevalence of RHD affected the age group
of 5 to 14 years (0.7 per 1000), whereas the prevalence in the age group of 15 years and older
was lower. This contrasts with the findings on ARF incidence since the incidence is higher in
children aged 5 to 14. According to the pathophysiology, we would expect a higher incidence of

RHD in older age groups[40].
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These findings confirm the existence of underreporting, particularly among individuals
aged 15 years and older. It is possible that when a cardiac condition is found in advanced age,
it is not attributed to ARF and therefore not reported, unlike cardiac conditions observed in the

target population.

3.4 Age:

Rheumatic fever primarily affects school-aged children. However, children under the age
of 5 are at higher risk of developing rheumatic carditis[55]. By contrast, recurrent episodes of
acute rheumatic fever tend to occur in slightly older individuals, including children,
adolescents, and young adults. However, these episodes are seldom observed beyond the age

of 35-40 years[17].

Rheumatic heart disease is a chronic condition resulting from the accumulation of heart
valve damage, primarily due to single severe or multiple recurrent episodes of acute rheumatic
fever. While RHD can develop in children, its prevalence typically reaches its peak during

adulthood, usually between the ages of 25 and 45 years[56].

In Australia, the median age of diagnosis for indigenous Australians was 21, compared

with age 56 for non-indigenous Australians[57].

The median age of the 309 patients in Uganda was found to be 30[58], whereas a study of
52 patients in Bamako (Mali) showed that the most affected age group was 16 to 25 years

old[59].

In our study, the median age of the 150 patients was found to be 43.5.

This variance of age at diagnosis within our country compared to others may signify

potential gaps in early detection, public awareness, and healthcare accessibility.
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3.5 Gender:

According to the 2020 Australian guidelines, females had higher ARF rates than males,
and about 66% of RHD cases in Australia occur in females[60]. Compared to a study conducted
in the village of Ait Hammou (Morocco), 53% of children with RHD were female[61]. In Turkey,
an epidemiological study conducted on 1900 cases of rheumatic carditis demonstrated that

72% of the cases were female[62].
The sex-ratio in Uganda was found to be 0.57 and in Bamako 0.85 [58,59].
In our study, 73% of the participants were female with a sex-ratio of 0.38.

Table V: Comparison of the various sex ratios found in the literature to the one in our study.

Location Sex-ratio
Our study 0.38
Australia[60] 0.52
Mali [59] 0.85
Uganda[58] 0.57
Turkey[62] 0.38
Morocco[61] 0.88
Mozambique[53] 0.59
Cambodia[53] 0.77

It's important to note that the reasons for these sex-based differences in RHD prevalence
are likely to be multifactorial and complex. Possible contributing factors could include
differences in genetic susceptibility, hormonal influences, immune response variations, and

social or environmental factors.

2. Socioeconomic status

2.1 Occupation:
In a study conducted in Ghana, trading (42%) was the most common occupation
among the patients, students represented 18.57% of the patients, followed by the unemployed

at 17.86% and farmers at 15% [63]. In comparison, a study in Uganda reported farming (49.1%)

45



Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

as the most common occupation and 24.58% of the patients were students[58]. In Lahore

(Pakistan), 78% of the patients were Laborers (Unskilled workers)[64].

Patients' occupations in our study ranged from homemakers to laborers, employees, and
students. Homemaking was the most common occupation among the patients, accounting for

66% of the total. Additionally, 9.33% of the patients were students.

Occupations can be indicative of the socioeconomic status of individuals in different
regions. The prevalence of RHD may be influenced by factors such as income, and living

conditions. Socioeconomic disparities could play a role in the burden of RHD in these regions.

2.2 Area of residence:

In most studies, the risk of developing rheumatic heart disease is found to be highest in
rural areas. For example, a study conducted in India revealed that 70.4% of patients diagnosed
with rheumatic heart disease were residing in rural areas[51]. Similarly, in Australia, the

proportion was even higher, with 85% of RHD cases reported from rural locations[32].

In Nicaragua, the prevalence of pediatric subjects with RHD is 77 per 1,000 in rural
residences, while in urban residences, it is 35 per 1,000[65]. Likewise in Kinshasa, the prevalence

was significantly greater in slum schools (22.2/1000) than in urban schools (4/1000)[66].

In our study, the majority of the patients were recruited from urban areas (56%), and the

remaining patients came from rural areas (44%).

Rural areas often face socioeconomic challenges, including limited access to healthcare,
lower socioeconomic status, and reduced awareness of preventive measures. These factors could

influence the incidence and management of RHD.

2.3 Number of people per household:

Household overcrowding is widely recognized as a significant risk factor, and the reduction

of overcrowding has been identified as one of the key factors contributing to the decline in acute
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rheumatic fever incidence in wealthy countries throughout the twentieth century[67]. In fact,

overcrowding results in higher chances of spread of streptococcal sore throat[68].

In Bangladesh, the proportion of subjects with =5 members in the family was significantly

higher in both ARF and RHD patients than in the reference population[69].
The mean number of individuals per household in our study population was 6.51.

Table VI: Comparison of the average number of individuals per household found in the

literature with the one in our study.

Year Location Average number of individuals
per household
Our study Morocco 6.51
2017[51] India 5
2012[70] Uganda 8
2009[64] Pakistan 7
2006[71] Morocco 6.67

Given the pronounced implication of overcrowding in the incidence of RHD in our study
population, efforts to address this issue should be considered a public health priority in our
country. Mitigating overcrowding through targeted interventions could play a substantial role in

decreasing the rates of ARF and consequently, RHD.

2.4 Number of rooms per household:

The 2020 Australian guideline considers household overcrowding (more than 2 people
per bedroom) as a potential high-risk group for primary prevention of ARF[30]. In the study
conducted in New Caledonia, the number of people per bedroom was identified as a significant
factor associated with persistent rheumatic heart disease. Notably, 36.3% of the cases with

persistent RHD had more than 3 people per bedroom[2].

In Bangladesh, sharing a living room with >3 people was found to be detrimental for RHD.

A significant 65% of RHD cases were observed to have more than 3 people per room [69].
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In Pakistan, each household had an average of 7 members living in 2.3 rooms[64]. In Ait
Hammou, the average number of rooms per house among children with rheumatic heart disease

was 6.11 rooms per household [71].

In comparison to these referenced studies, the mean number of rooms per household in

our study population was 3.25.

2.5 Parent’s educational level:

In New Zealand, a developed country where acute rheumatic fever clusters in poorer
sections of the population, there is a clear association between ARF and socioeconomic

deprivation, which includes education[72].

In another study conducted in Brazil by Meira et al. between 1983 and 1998, it was shown
that severe chronic rheumatic valvular disease was more frequent among patients with moderate

or severe carditis, with ARF recurrence, and whose mothers had a low educational level[73].

The study of sociodemographic and household characteristics of patients and their families

in Pakistan revealed that 88% of mothers were illiterate, and 69% of fathers were illiterate[64].

In our study population, educational attainment among the patients' parents was notably
low. Specifically, 90% of mothers had not received formal schooling. In contrast, among the
fathers, 23.33% had completed primary school education, 20.67% had attained a middle school

level of education, and 48% were unschooled.

The higher prevalence of ARF and RHD in populations with lower educational levels and
higher illiteracy rates suggests that there are health disparities related to socioeconomic factors.
These disparities may affect access to healthcare, timely diagnosis, and appropriate management

of streptococcal infections, leading to a higher burden of RHD in vulnerable populations.

2.6 Sanitary facilities:

In addition to overcrowded homes, inadequate sanitation leads to recurrent group A

streptococcal infection, and the causal relationship between group A streptococcal infection and
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ARF/RHD is well-established[74]. In southeast Anatolia, the most severe forms of rheumatic valve
disease patients were living in sub-district regions in rural areas with low levels of home

sanitation[75].

In Lahore, 30% of the participants reported not having a latrine within their house[64].

In our study, significant gaps in basic amenities were noted: 21.33% of participants

reported the absence of a shower room within their house, and 6% lacked toilet facilities.

The lack of these basic amenities can serve as breeding grounds for infectious diseases
and are significant environmental determinants that may exacerbate the prevalence of rheumatic

heart disease.

2.7 Water supply:

In Ait Hammou village, none of the households had access to potable water distributed

by the National Water Office. The water supply mainly relied on wells, cisterns, and fountains[71].

In Bangladesh, 65% of RHD patients had access to a water supply[69].

Of the patients evaluated in our study, 92.7% had access to potable water.

Improving access to safe and potable water, as well as sanitation infrastructure, is vital for

public health and can contribute to the prevention of communicable diseases, including RHD.

2.8 Access to healthcare:

Numerous studies, some conducted in the United States during the 1960s and 1970s,
have consistently demonstrated lower rates of acute rheumatic fever in settings with improved

access to medical care compared to communities with limited access to healthcare services[76].

In our research, we found that 92% of the cases had some form of healthcare, with 25.36%
of participants relying solely on a general practitioner, 74.64% consulting both a general

practitioner and a specialist and 8% lacking any form of healthcare access.
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However, despite healthcare access, a significant number of patients did not seek medical

consultation for recurrent tonsillitis (60%) or arthralgia (91.58%).

To address these discrepancies, multi-faceted policy interventions should be considered.
Firstly, extending the reach of primary care by setting up additional community healthcare
centers can serve the population without any healthcare access. Secondly, upskilling general
practitioners in the diagnosis and early management of ARF and RHD could mitigate the impact
of limited specialist consultation. Lastly, given the advent of telemedicine, a focus on digital

healthcare could bridge gaps in specialist care, especially in remote regions.

By concentrating on these areas, healthcare systems can not only improve general
healthcare access but can also take specific action against conditions like ARF and RHD, which

have long-term implications for cardiac health.

3. Clinical aspect:

3.1 Past medical history:

a) History of recurrent tonsillitis:

Sore throat, which can be caused by Group A Streptococcus infection, can lead to the
autoimmune disease of acute rheumatic fever. If left untreated, acute rheumatic fever can

progress to chronic rheumatic heart disease[26].

At the Dakar University Hospital, a history of repeated angina was found in 22.69% of
cases[77]. In Bamako, Mali, Maiga reported that 65.8% of cases had repeated angina[78].

Meanwhile, in Brazzaville, 76% of the cases had frequent sore throat[79].

In Ait Hammou, the results of the study revealed that recurrent tonsillitis significantly
marked the medical history of the majority of the patients with rheumatic carditis. In fact, the
average number of tonsillitis episodes during the year ranged from 0 to 12 episodes, with an
overall average of 3.45. Furthermore, only 52.94% of children suffering from rheumatic carditis

reported having received treatment with penicillin retard, and only 29.41% received penicillin A.
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In our study, a history of recurrent tonsillitis was present among 72% of the patients in the
study. Furthermore, 52.78% of these patients had more than five episodes per year, and 60%

remained untreated.

Recurrent tonsillitis is defined as having seven episodes in one year, or ten episodes over
the course of the last two years. However, in our context more than five episodes per year was

significant.

Therefore in order to reduce the risk of development of ARF, treatment of GAS pharyngitis
must be initiated within 9 days of onset of a sore throat[80]. A Cochrane review on antibiotics for
sore throat (ST) found that antibiotics reduced ARF by more than two-thirds within 1 month [81].
In addition, more than five episodes of tonsillitis per year should be considered as a risk factor of

developing ARF.

b) History of arthralgia/arthritis:

Rheumatic Heart Disease and arthralgia are interlinked and stem from an autoimmune

reaction triggered by group A streptococcal infection.

Thakur et al., in their study conducted in India, asserted that 84% of the patients had a
history of arthralgia [82]. In Bamako, the personal medical histories of the patients were marked

by polyarthralgia in 25% of the cases[59].

Compared to these findings, our study revealed that 62% of the patients had a history of

arthralgia. On the other hand, arthritis (1%) remains uncommon in our context.
g )

These findings highlight the link between rheumatic heart disease and arthralgia. Thus,
medical professionals must focus on comprehensive assessments and integrated care strategies
to effectively address both cardiac and joint symptoms in RHD patients. Given the connection
between RHD and joint pain, patients experiencing such symptoms should promptly consult a

healthcare provider, as this may be indicative of an underlying
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c) FEamily history of ARF:

In a study conducted by Mirabel et al. in the Pacific, a family history of rheumatic heart
disease or acute rheumatic fever was found in 60.6% of the cases [83]. Another study in New
Zealand reported a family history of ARF/RHD in 12% of the individuals [52]. In a Ukrainian study,
a family history of rheumatic heart disease was present in 19.2% of the patients.

In our study, the family history of acute rheumatic fever was present within 3.33% of the
cases.
Consequently, a tailored approach to screening and prevention, considering the local

context and family history, may be vital for early detection and treatment of RHD and ARF.

d) Personal history of ARF:

Rheumatic heart disease is often associated with a personal history of acute rheumatic

fever, as the latter can lead to chronic valvular damage if left untreated.

The table presents various studies assessing the percentage of patients diagnosed with
rheumatic heart disease who have a personal history of acute rheumatic fever. It should be noted
that our patients did not have a complete medical record of acute rheumatic fever; however, the
history of ARF was ascertained through questioning.

Table VII: Comparison of the percentage of patients with history of ARF found in the literature
with the one in our study.

Location Number of patients Personal history of ARF
Our study 150 21%
Australia [57] 2381 20%
Gambia [84] 111 48.7%
Italy [85] 79 100%
Rwanda [85] 135 4%
Ukraine [86] 78 61.5%
Nepal [87] 211 22.3%
Ethiopia [88] 365 24.9%
Uganda [58] 309 11%
Fiji [31] 103 62%
India [89] 550 40.72%
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The data presented illustrates a wide variation in the prevalence of a personal history of
acute rheumatic fever among patients across different locations, ranging from 4% in Rwanda to
100% in ltaly. This disparity may reflect differences in genetic susceptibility, environmental
factors, healthcare accessibility, or diagnostic practices. Consequently, a recommendation would
be to adopt region-specific strategies for screening, education, and early intervention of ARF,

leveraging local insights to enhance the prevention and management of rheumatic heart disease.

e) Prescribed treatment:

In a previous study conducted in Gambia, encompassing a cohort of 111 patients,
15.8% of those with a history of acute rheumatic fever (54 patients) were reported to have
received the appropriate treatment [84]. In contrast, our investigation revealed a higher
treatment adherence rate, with 74.2% of the patients (23 patients) with a history of ARF reporting

that they had received a treatment.

These findings emphasize the need to invest in targeted patient education, adherence
monitoring, and personalized healthcare strategies to ensure optimal treatment outcomes and

reduce the potential progression to rheumatic heart disease.

f) Secondary prevention:

Currently, secondary prophylaxis is the best available weapon in the fight against RHD[90].
The efficacy of secondary penicillin prophylaxis in preventing recurrent acute rheumatic fever
and halting the progression of rheumatic heart disease is firmly established and constitutes a
pivotal aspect of ARF management. The significance of this preventive strategy has been
substantiated through Randomized Controlled Trials, demonstrating its ability to prevent ARF
recurrence [91]. Intramuscular benzathine penicillin G has been shown to be superior to oral

penicillin, reinforcing its role in therapeutic regimens.

Furthermore, robust evidence supports that secondary prophylaxis not only mitigates the
severity of RHD but actively deters disease progression [92]. Studies conducted in the mid-

twentieth century illustrated that 40-60% of patients with ARF eventually developed RHD.
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Remarkably, the introduction of penicillin was associated with an increase in the rate of
regression of mitral regurgitation from 20% to 70% [93]. This underscores the transformative

impact of penicillin in the management and prognosis of these conditions.

Additionally, optimal adherence to secondary prevention was nearly universal (99%) in Italy
compared to slightly less than half (48%) in Rwanda [85]. In Lahore, less than 2% of the affected

children took secondary rheumatic prophylaxis [64].

In our study, 55% of the patients with a history of acute rheumatic fever benefited from

secondary prevention.

This discrepancy underscores the crucial role of healthcare infrastructure, education,
accessibility and the variability of clinical presentations in managing ARF. Therefore, enhancing
public awareness, improving healthcare accessibility, and implementing standardized protocols
for secondary rheumatic prophylaxis are essential steps toward mitigating the disparities in

prevention and ultimately reducing the incidence of rheumatic heart disease.

g) Recurrence of ARF:

In our study, we noted the absence of reported recurrence of acute rheumatic fever among
the patients. This finding stands in contrast to other research outcomes from different
geographical regions. Specifically, a study conducted in Fiji revealed a recurrence rate of ARF at
39%. Similarly, in South India, among patients diagnosed with rheumatic heart disease,

recurrence of acute rheumatic fever was observed in 43.7% of the cases.

The contrasting findings between our study and other research could be indicative of
underlying issues such as a lack of patient consultation or barriers to health access. Moreover,
this discrepancy underscores the potential for missed or underreported recurrence in certain
regions, perhaps due to insufficient follow-up care, patients' unawareness of the importance of

reporting symptoms, or challenges in accessing healthcare services.
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h) Jones criteria:

Polyarthralgia (38.71%) and carditis (32.26%) were the most common major manifestations
in our study. Similar observations were made in Australia [42]. In Indonesia, carditis (66.67%) and

arthritis (25.92%) were the most prevalent manifestations.

As for the minor criteria, fever (70.97%) was the commonest clinical manifestation, similar
to the studies in Australia, India, and Indonesia [42,94,95]. Elevated levels of Erythrocyte
Sedimentation Rate (ESR) and/or C-reactive protein (CRP) were documented in only six patients,
constituting 19.35% of the patients with a medical history of ARF. This frequency is insufficient to
draw statistically significant conclusions regarding the role of these inflammatory markers in our
study. In Australia, elevated CRP was present in 85.2% of the patients and elevated ESR in 63.2%

of the patients[42].

As for the evidence of antecedent streptococcal infection, only six patients (19.35%) in our
study had documented elevated anti-streptococcal antibody titers, which constitute the same

problem as the inflammatory markers.

These findings accentuate the importance of recognizing these specific symptoms for early
diagnosis and intervention across different populations. As a recommendation, healthcare
providers should employ standardized diagnostic criteria, laboratory access should be enhanced,
and public health campaigns should educate communities on these symptoms to promote early

consultation and treatment, potentially reducing the progression to rheumatic heart disease.

3.2 Rheumatic heart disease:

a) Age of diagnosis:

The median age of diagnosis for rheumatic heart disease in our study is 39 years.

Similarly, the mean age in the study conducted in Ghana was 39.7[63]. In contrast with
these results, the median age of patients with newly diagnosed RHD in New Caledonia is 18

years, and 24.7 years in Fiji [2,31].
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This later age of diagnosis in our study may point to delayed detection, potentially due to
factors like limited awareness, inadequate screening programs, or other healthcare system
challenges. To address this, Morocco should invest in targeted education campaigns to raise
awareness about RHD, especially among high-risk populations. Implementing early screening
and intervention programs at community levels and strengthening healthcare provider training in
recognizing early signs of RHD can also contribute to reducing the age of diagnosis and

improving outcomes for patients with RHD in our country.

b) Clinical manifestations:

According to the World Heart Federation, heart valve damage symptoms associated with

rheumatic heart disease may include dyspnea, chest pain, asthenia, and palpitations [96].

In our study, Dyspnea was identified as the most common symptom, occurring in 91.33% of
the patients, and asthenia in 32.67% of the cases. Additionally, palpitations were reported by

28.67% of the subjects.

In studies conducted in Morocco and Nepal, functional symptoms were dominated by
dyspnea, which was reported respectively by 96% of the patients in Morocco and 88.6% of the

patients in Nepal [97,87].

In a study in Soweto, dyspnea (67.9%) and palpitations/chest pain (66.7%) were the

commonest symptoms[98].

In comparison, palpitation (85.1%) and asthenia (84.5%) are the most prevalent symptoms

in Uganda[58].

These findings emphasize the importance of recognizing these particular symptoms for
early diagnosis and treatment of RHD within our country.
c) Complications:

Rheumatic heart disease stands as the foremost cause of death of cardiac origin [99]. A

recurring clinical observation reveals that patients with RHD frequently present at healthcare
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facilities with exacerbated symptoms, often attributable to the complex complications of the
disease. These complications are often associated with untreated severe rheumatic valvular
disease, including pulmonary hypertension, atrial fibrillation, heart failure, Infective Endocarditis,

and embolic events[100].

Our study revealed the presence of pulmonary hypertension in 48% of the patients,
followed by heart failure (18%) and atrial fibrillation (16.67%). Similar results were found in a
Nigerian study, in which pulmonary hypertension was the dominant condition (72.1%)[43].
However, in another study in Nigeria, congestive heart failure was the most common

complication (81.8%) [101].

These findings necessitate the implementation of robust strategies for early detection and
management of RHD and its associated complications. Solutions should include comprehensive
training for healthcare providers in recognizing and managing the specific complications
associated with RHD, improved screening protocols, and the development of specialized care
pathways for managing complications like pulmonary hypertension and heart failure.
Additionally, public health initiatives should focus on preventive measures, including early
treatment of streptococcal infections and ongoing patient education about the importance of
timely medical care, to mitigate the progression to severe valvular disease and associated

complications.

d) Cardiac echography:

Echocardiography is the primary evaluation tool for patients with suspected and
confirmed RHD, as it illustrates the distribution and severity of valvular involvement and excludes

alternate pathology[102].

Screening programs for rheumatic heart disease frequently employ portable
echocardiography devices, owing to their ease of mobility and application in remote
regions[103]. These portable systems have demonstrated considerable utility in RHD screening,

as corroborated by numerous studies across diverse geographic locations with high RHD
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prevalence, including but not limited to Uganda [90,104], Sudan[105], South Africa[106],
Ethiopia[106], Egypt[107], Italy[108], Brazil[109], and Fiji[110]. These investigations generally
leverage standard portable echocardiography or handheld devices with simplified criteria for on-

site screening.

Such portable echocardiographic modalities not only facilitate enhanced detection of RHD
but also present a cost-effective approach in resource-constrained environments. Given its
efficacy and adaptability, handheld echocardiography with simplified criteria emerges as a
promising alternative to conventional echocardiographic techniques in remote settings. The
incorporation of this methodology could be particularly beneficial for the RHD screening program

in Morocco, enabling broader geographical coverage and thereby enhancing case detection.

In terms of valvular lesions, mitral disease emerged as the most prevalent, a finding that is
corroborated by other reports [94,111]. Other studies, however, reported that isolated mitral

regurgitation is the most common valvular lesion in RHD cases [63,87,112].

The observation that tricuspid regurgitation is present in 70% of rheumatic heart disease
cases in our study closely aligns with findings from a similar study conducted in Indonesia [95].
However, it is noteworthy that other studies have reported a lower incidence of tricuspid

regurgitation in RHD patients [63,94,112].

Overall, mitral regurgitation was found to be present in almost every combination of

multivalvular lesion.
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e Recurrent sore throat occurring more than five times per year was significant in our
study and should be considered a high-risk factor for developing acute rheumatic fev-

er.

e Low socioeconomic status and overcrowding remain prevalent elements and may play a

crucial role in the development of ARF and RHD.

e The female gender was predominant. Possible contributing factors could include varia-
tions in genetic susceptibility, hormonal influences, differences in immune response,

as well as social or environmental factors.
e The family history of ARF was insignificant in our study.

e The issue of late diagnosis in rheumatic heart disease is of considerable concern, often
occurring only after the onset of symptoms or complications. This delay could be attri-
buted to a general reluctance to seek medical consultation, even when healthcare
access is available. Additionally, the diagnosis of acute rheumatic fever was primarily
based on the older Jones criteria. Furthermore, arthritis was a key criterion for diag-
nosing ARF, however, it was almost absent in our study population. Conversely, arth-
ralgia was often trivialized by parents and healthcare professionals, even though it was
present in more than half of our study participants. Moreover, cardiac echography was
usually only performed if a cardiac murmur was detected, potentially overlooking cases

with subclinical manifestations.
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At the conclusion of our study, we recommend the following:

1. To better appreciate the scope of the health problem posed by acute rheumatic fever and
to monitor hospital incidence more effectively, mandatory reporting of ARF should be im-
plemented in both the public and private sectors. Additionally, a specialized register for
rheumatic carditis should be established in Marrakesh and surrounding regions to inform

our recommendations.

2. Develop a strategy to combat ARF, with a specific focus on rural areas where there is a

high prevalence of rheumatic carditis.

3. Arthralgia should not be overlooked by either parents or medical staff. Achieving this ne-
cessitates a multipronged approach involving information, education, and communica-

tion, all coordinated under the national program against ARF.

4. Improvement of environmental hygiene and socio-economic conditions are crucial for
prevention. These goals can be achieved through sustainable development projects that

not only improve living conditions but also disseminate essential health information.

5. Conduct awareness campaigns in educational institutions such as schools, colleges, and
high schools, involving general practitioners, cardiologists, and educators from various

disciplines.

6. Engage the media in raising awareness, place informative posters in public areas, and

produce advertisements, documentaries, and patient testimonials.

7. Emphasize the pivotal role of cardiac auscultation in the early detection of rheumatic
heart disease, as it remains a fundamental, non-invasive diagnostic tool that can identify

characteristic murmurs indicative of valvular pathology often associated with RHD.

8. Implement screening campaigns for valvular diseases within educational institutions, em-

ploying cardiac auscultation as a primary diagnostic tool.

9. Raise awareness among healthcare professionals to apply the new Jones criteria
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10.Echocardiographic examinations should be requested for any suspected cases of ARF,

even when cardiac murmurs are absent, given the high incidence of subclinical carditis.

11.Finally, in cases of symptomatic valvular disease, prompt surgical intervention is crucial to
prevent cardiac decompensation, thromboembolic events (particularly stroke), and ulti-

mately, death.
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I. Strengths of the study:

e Our study is the first in Morocco and the second in Africa, following the study by
Jaiteh et al. in Gambia, to evaluate the reasons for the delayed diagnosis of chronic
rheumatic heart disease, taking into consideration the socioeconomic, clinical and

echocardiographic aspects of the patients.

e Our research encompassed both the public and private healthcare sectors, providing

a comprehensive view of the subject area across various institutional settings.

Il. Limitations of the study:

The number of patients in our study could have been higher, particularly as recruitment

from the private sector was limited.
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In the context of our research on delayed diagnosis of rheumatic heart disease, it is evident
that RHD is not merely a medical issue but also a significant public health problem. Particularly in
low-to-middle-income countries, multiple factors contribute to the delayed diagnosis of RHD.
These include social conditions, economic status, educational background, geographical location,

and the bacterial agent, Group A Streptococcus.

A solely medical approach is insufficient to address this multifaceted issue. A
comprehensive, multi-sectoral strategy led by the Ministry of Health is essential for effective
management. This strategy should also involve other governmental departments such as
education and social welfare, and engage non-governmental organizations for a more holistic
intervention. These collaborative efforts aim to mitigate the diverse factors contributing to the

delayed diagnosis of RHD.

In addition to these broader initiatives, specific medical interventions are crucial.
Implementing rapid tests for Group A Streptococcus can facilitate the immediate treatment of
conditions like tonsillitis, which are precursors to RHD. Immediate identification and treatment of
streptococcal infections can reduce the risk of RHD development. Furthermore, cardiac
auscultation remains a fundamental tool in the diagnosis of rheumatic heart disease,
underscoring its clinical importance. Moreover, healthcare professionals should receive training
in the application of the new Jones criteria, which provide updated diagnostic guidelines that aid
in the early and accurate detection of RHD. Therefore, cardiac echography serves as a vital
diagnostic tool, capable of identifying cardiac abnormalities related to RHD even at asymptomatic
stages. Expanding access to this technology is of paramount importance, especially in areas with

limited healthcare resources.

In summary, tackling the delayed diagnosis of RHD necessitates a comprehensive, multi-
sectoral approach that goes beyond medical interventions alone. Effective policy-making should
account for the various social, economic, and educational factors influencing RHD diagnosis and
management, while incorporating essential medical practices such as rapid streptococcal testing,

the new Jones criteria, and cardiac echography.
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Abstract

In Morocco, as in many developing countries, acute rheumatic fever and rheumatic heart
disease present significant public health challenges. Cardiac involvement during episodes of ARF
constitutes a crucial prognostic factor, both in the immediate term due to the risk of cardiac
failure and in the long term because of the potential for valvular sequelae. The objective of our
study, conducted between February and July 2023 in Marrakesh, Tahannaout, and Chichaoua,
was twofold. First, we aimed to conduct a descriptive analysis of the characteristics of rheumatic
heart disease by examining epidemiological, clinical, and echocardiographic profiles, through an
observational and analytical study. Second, we sought to identify the factors implicated in the
delay in diagnosis and management of RHD. The mean age of the 150-person study population
was 43.5 years. We noted a female predominance with a sex ratio of 0.38. Approximately 56% of
the patients hailed from urban areas. Our study indicated the impact of socio-economic
parameters, including occupation, health insurance, overcrowding, and parental illiteracy. A
history of recurrent tonsillitis was present in 72% of the patients; among these, 52.78% had
experienced more than five episodes per year, and 60% remained untreated. Notably, 62% of the
cases had a history of arthralgia and only 1% had arthritis. The most common localization of
arthralgia and arthritis was the major joints with 92.47%. Only 8.42% of these patients had
consulted a physician. A family history of ARF was present in 3.33% of patients, and a personal
medical history of ARF was noted in 21%; 55% of this latter group benefited from secondary
prevention, which may reflect underreporting of the disease. The median age at which RHD was
diagnosed was 39 years. A total of 70% of patients were diagnosed after the onset of symptoms,
and 13% were diagnosed following complications. Dyspnea was reported in 91.33% of patients,
and pulmonary hypertension in 48%. Common valve lesions included mitral regurgitation in
71.33% of patients and mitral stenosis in 63.33%. The management of ARF and RHD is
fundamentally preventive in nature, necessitating a multidimensional approach concretized
under the supervision of the Ministry of Health as part of a comprehensive program aimed at

combating rheumatic fever and its sequelae.
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Résumé

Au Maroc, tout comme dans de nombreux pays en développement, le rhumatisme
articulaire aigu et la cardite rhumatismale chronique représentent des défis majeurs en matiere
de santé publique. L'atteinte cardiaque lors des épisodes de rhumatisme articulaire aigu
constitue un facteur pronostique crucial, a la fois a court terme en raison du risque d'insuffisance
cardiaque et a long terme en raison du potentiel de séquelles valvulaires. L'objectif de notre
étude, réalisée entre février et juillet 2023 a Marrakech, Tahannaout, et Chichaoua, était double.
Premiérement, nous avons cherché a réaliser une analyse descriptive des caractéristiques des
cardiopathies rhumatismales chroniques en examinant les profils épidémiologiques, cliniques et
échographiques, a travers une étude observationnelle et analytique. Deuxiémement, nous avons
cherché a identifier les facteurs incriminés dans le retard de diagnostic et de prise en charge des
cardiopathies rhumatismales chroniques. L'dge moyen de la population de I'étude, composée de
150 personnes, était de 43.5 ans. Nous avons noté une prédominance féminine avec un sex-
ratio de 0,38. Environ 56% des patients provenaient de zones urbaines. Notre étude a indiqué
I'impact de parameétres socio-économiques, incluant la profession, l'assurance maladie, la
promiscuité et l'analphabétisme parental. Des antécédents d’angine a répétition étaient présents
chez 72% des patients ; parmi ceux-ci, 52.78% avaient connu plus de cinq épisodes par an et 60%
étaient demeurés non traités. Notamment, 62% des cas avaient des antécédents d'arthralgie, et
seulement 1% des cas avaient des antécédents d’arthrites. La localisation des arthralgies et
d’arthrites la plus fréquente était les grosses articulations avec 92.47% de ces cas. Seulement
8.42% de ces patients avaient consulté un médecin. Une histoire familiale de RAA était présente
chez 3,33% des patients, et une histoire médicale personnelle de RAA était notée chez 21% ; 55%
de ce dernier groupe bénéficiaient d'une prévention secondaire, ce qui pourrait refléter une
sous—déclaration de la maladie. L'dge médian auquel le diagnostic de la cardite rhumatismale
chronique a été posé était de 39 ans. Un total de 70% des patients ont été diagnostiqués apres
I'apparition des symptdmes, et 13% ont été diagnostiqués suite a des complications. La dyspnée

était signalée chez 91.33% des patients, et I'hypertension pulmonaire chez 48%. Les lésions
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valvulaires courantes comprenaient une régurgitation mitrale chez 71.33% des patients et une
sténose mitrale chez 63.33%. La prise en charge du rhumatisme articulaire aigu et de la cardite
rhumatismale chronique est fondamentalement préventive par nature, nécessitant une approche
multidimensionnelle concrétisée sous la supervision du Ministére de la Santé dans le cadre d'un

programme global visant a combattre le rhumatisme articulaire aigu et ses séquelles.
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Fiche d’exploitation

Détail du patient : Profil clinique :

Nom : ...c....... Motif de consultation : ...........
Prénom : ........... Antécédent :

Origine © ..ovovvenns Angine & répétition : O
Profession : ........... Nombre d'épisodes : ...........
Adresse : ...ooeenes

Angines traitées : [J

N° de téléphone : ........... Arthralgie/ Arthrite - [

Profil épidémiologique : Siege -
Age ... Grosses articulations: [
Sexe :.iviinn

Petites articulations : O
Condition socio-économique :

Lieu de résidence :

Articulations proximales : O

Articulations axiales : O

Urbain : O .

Consultation : O
Rural : O Traitement prescrit : ...........
Région : ...........

Amygdalectomie : O
Nombre de personnes par foyer : ...........
Antécédent de scarlatine : O

Antécédent familial de RAA :

Nombre de piéces par foyer : ...........
Niveau de scolarisation des parents :

La mére: ........... Fratrie : O
Le pére : ocee..e Autre : ..o
Les sanitaires Antécédent personnel de RAA : O
Nombre de toilettes : ........... Traitement prescrit :
Nombre de douches : ........... Corticothérapie : O
Approvisionnement en eau : [ Aspirine : O
Electrification du foyer : [ Aucun: O
Accés aux soins : Prophylaxie secondaire : O
Centre de santé : (O Rechute du RAA : [
Médecin généraliste : [
Pédiatre : []
Médecin spécialiste ;: [
Non : [
Critéres diagnostiques de Jones:
Date du diagnostic : ...........
Preuve d’une
Critéres majeurs Critéres mineurs infection
streptococcique
Poly-arthralgie : [ Mono-arthralgie : O ASLO élevées : [0
Mono-arthrite aseptique : O Localisation : ........... Valeur : ...........
Polyarthrite : O
Localisation : ...........
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Critéres majeurs

Critéres mineurs

Preuve d’une
infection
streptococcique

Nodule de Meynet : O

Figvre : O

Culture pharyngée
positive: [

Erythéme marginé de Besnier :O0

VS ou CRP élevée : O
Valeur: ....

Test diagnostic rapide
positif : 1

La chorée de Sydenham : [J

Cardite | Min | Mod | Moy | Sév
IAo 'oi|{o o O
IM oo o o
RAo oo O O
RM oo oo

Cardiopathie rhumatismale
chronique(CRC) :

Date de lasurvenue delaCRC : ...........

Circonstance de survenu :
Lors d'une surveillance de RAA : O
Découverte fortuite : [
Lors d’apparition des symptémes : [
Lors d'une grossesse : [0
Lors d’'une complication : O
Insuffisance cardiaque : O
Accident vasculaire cérébral : O
Ischémie des membres : O
Endocardite infectieuse : O
Autre @ ..oieneee

Signes cliniques :
Douleurs thoraciques : O
Dyspnée : O
Toux : O
Asthénie : O
Palpitation : O
Souffle cardiaque : O
Frottement péricardique : O
Autres : .oiiuieees

L'espace PR allongé a 'ECG: O

Hospitalisation : [
Durée d’hospitalisation: ...........
Traitement prescrit : ...........
Nombre d’hospitalisation : ...........

Echographie doppler cardiaque :
Valvulopathies :

TYPE : terviiieinn
Morphologie : ...........
Séveérité : ...........
VG : Normal :O Dilaté:O0 HVG:O
FE : Conservée :[] Moy altérée : [1
Trés altérée : [
OG : Nomale : O Dilatée : (O
VD : Normal : [ Dilate : [J
IT:Min:lJ Mod:[1 Moyl Sév:[

Fonction du VD :

HTP: Min:O Mod :0 Moy:00 Sév:O
Autres : ...........

75



Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

76



10.

11.

12.

13.

14.

15.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

. Jaimes—-Reyes MA, Urina-Jassir M, Urina-Triana M, Urina-Triana M.

Current Situation of Acute Rheumatic Fever and Rheumatic Heart Disease in Latin America and
the Caribbean: A Systematic Review. Glob Heart 2022;17:65.

Mirabel M.

Cardiopathie rhumatismale : prévalence, méthodes diagnostiques, morbidité et mortalité
attribuables en Nouvelle Calédonie. These de doctorat. Paris 6, 2016.

Arvind B, Ramakrishnan S.

Rheumatic Fever and Rheumatic Heart Disease in Children. Indian J Pediatr 2020;87:305-11.
Veasy LG, Tani LY, Minich L.

The logic for extending the use of echocardiography beyond childhood to detect subclinical
rheumatic heart disease. Cardiol Young 2009;19:30-3.

Khouri R.

Références des grandes étapes en cardiologie et chirurgie cardiovasculaire — Préface du
professeur Yves Grosgogeat by KHOURI (R.): Bon Couverture rigide (1993) Edition originale |
LIBRAIRIE Bernard MAILLE.

Teyssou R.

LA MEDECINE A LA RENAISSANCE - Et évolution des connaissances, de la pensée médicale du
guatorzieme au dix-neuviéme siécle en Europe, Roger Teyssou - livre, ebook, epub n.d.
Rolleston HD.

Cardio-Vascular Diseases since Harvey’s Discovery. Cambridge University Press; 2014.
Topley WWC, Miles AA, Wilson GS.

Topley and Wilson’s Principles of bacteriology and immunity. vol. 1. 3d ed. Rev. by G. S. Wilson
and A. A. Miles. Baltimore: Williams and Wilkins; 1946.

Wood BJB, Holzapfel WH, editors.

The Genera of Lactic Acid Bacteria. Boston, MA: Springer US; 1995.
JONES TD.

THE DIAGNOSIS OF RHEUMATIC FEVER. J Am Med Assoc 1944;126:481-4.

Szczygielska I, Hernik E, Kotodziejczyk B, Gazda A, Maslinska M, Gietka P.

Rheumatic fever - new diagnostic criteria. Reumatologia 2018;56:37-41.

Havard CWH.

Black’s Medical Dictionary. 36th edition. Rowman & Littlefield Publishers; 1990.

Kaplan MH.

Rheumatic Fever, Rheumatic Heart Disease, and the Streptococcal Connection: The Role of
Streptococcal Antigens Cross-Reactive with Heart Tissue. Rev Infect Dis 1979;1:988-96.
Gewitz MH, Baltimore RS, Tani LY, Sable CA, Shulman ST, Carapetis J, et al.

Revision of the Jones Criteria for the Diagnosis of Acute Rheumatic Fever in the Era of Doppler
Echocardiography. Circulation 2015;131:1806-18.

Reményi B, Wilson N, Steer A, Ferreira B, Kado J, Kumar K, et al.

World Heart Federation criteria for echocardiographic diagnosis of rheumatic heart disease--an
evidence-based guideline. Nat Rev Cardiol 2012;9:297-3009.

77



16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

. Stacey |, Ralph A, de Dassel J, Nedkoff L, Wade V, Francia C, et al.

The evidence that rheumatic heart disease control programs in Australia are making an impact.
Aust N Z J Public Health 2023;47:100071.

Carapetis JR, Beaton A, Cunningham MW, Guilherme L, Karthikeyan G, Mayosi BM, et al.
Acute rheumatic fever and rheumatic heart disease. Nat Rev Dis Primer 2016;2:1-24.

Auala T, Zavale BG, Mbakwem AC, Mocumbi AO.

Acute Rheumatic Fever and Rheumatic Heart Disease: Highlighting the Role of Group A
Streptococcus in the Global Burden of Cardiovascular Disease. Pathogens 2022;11:496.
Raynes JM, Frost HRC, Williamson DA, Young PG, Baker EN, Steemson JD, et al.

Serological Evidence of Immune Priming by Group A Streptococci in Patients with Acute
Rheumatic Fever. Front Microbiol 2016;7.

Carapetis JR, Steer AC, Mulholland EK, Weber M.

The global burden of group A streptococcal diseases. Lancet Infect Dis 2005;5:685-94.
Perricone C, Rinkevich S, Blank M, Landa-Rouben N, Alessandri C, Conti F, et al.

The autoimmune side of rheumatic fever. Isr Med Assoc J IMAJ 2014;16:654-5.

Faé KC, da Silva DD, Oshiro SE, Tanaka AC, Pomerantzeff PMA, Douay C, et al.

Mimicry in recognition of cardiac myosin peptides by heart-intralesional T cell clones from
rheumatic heart disease. J Immunol Baltim Md 1950 2006;176:5662-70.

Henningham A, Davies MR, Uchiyama S, van Sorge NM, Lund S, Chen KT, et al.

Virulence Role of the GIcNAc Side Chain of the Lancefield Cell Wall Carbohydrate Antigen in
Non-M1-Serotype Group A Streptococcus. mBio 2018;9:10.1128/mbio.02294-17.
Cunningham MW.

Pathogenesis of Group A Streptococcal Infections. Clin Microbiol Rev 2000;13:470-511.
Marijon E, Mirabel M, Celermajer DS, Jouven X.

Rheumatic heart disease. Lancet Lond Engl 2012;379:953-64.

Bennett J, Moreland NJ, Oliver J, Crane J, Williamson DA, Sika-Paotonu D, et al.

Understanding group A streptococcal pharyngitis and skin infections as causes of rheumatic
fever: protocol for a prospective disease incidence study. BMC Infect Dis 2019;19:633.
Thomas S, Bennett J, Jack S, Oliver J, Purdie G, Upton A, et al.

Descriptive analysis of group A Streptococcus in skin swabs and acute rheumatic fever, Auckland,
New Zealand, 2010-2016. Lancet Reg Health - West Pac 2021;8.

Mutithu DW, Roberts R, Manganyi R, Ntusi NAB.

Chronic rheumatic heart disease with recrudescence of acute rheumatic fever on histology: a
case report. Eur Heart ) Case Rep 2022;6:ytac278.

Eroglu AG.

Update on diagnosis of acute rheumatic fever: 2015 Jones criteria. Turk Arch Pediatr Pediatri Ars
2016;51:1-7.

Ralph AP, Noonan S, Wade V, Currie BJ.

The 2020 Australian guideline for prevention, diagnosis and management of acute rheumatic
fever and rheumatic heart disease. Med J Aust 2021;214:220-7.

78



31

32.

33.

34.

35.

36.

37.

38.

30.

40.

41.

42

43,

44,

45.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

. Steer AC, Kado J, Jenney AWJ, Batzloff M, Waqatakirewa L, Mulholland EK, et al.

Acute rheumatic fever and rheumatic heart disease in Fiji: prospective surveillance, 2005-2007.
Med J Aust 2009;190:133-5.

Carapetis JR, Currie BJ.

Rheumatic fever in a high incidence population: the importance of monoarthritis and low grade
fever. Arch Dis Child 2001;85:223-7.

Vijayalakshmi IB, Vishnuprabhu RO, Chitra N, Rajasri R, Anuradha TV.

The efficacy of echocardiographic criterions for the diagnosis of carditis in acute rheumatic fever.
Cardiol Young 2008;18:586-92.

Pichard E, Beytout J,Bouvete, Bricaire F.

Malintrop Afrique : manuel de maladies infectieuses pour I’Afrique. Montrouge : J. Libbey, 597 p.
Masson E.

Coeur et médecine interne Ariel Cohen et Nadia Belmatoug. Editions Estem. Paris 2002.

WHO.

Fiches modéles OMS d’ information a 'usage des prescripteurs : médicaments utilisés dans les
infections bactériennes. Organisation mondiale de la Santé; 2003.

ELHOUDZI J, ELHATTAOUI M, ABOUSSAD A.

Le rhumatisme articulaire aigu. Rev Mar Mal Enf 2007:41-8.

Liang Y, Yu D, Lu Q, Zheng Y, Yang Y.

The rise and fall of acute rheumatic fever and rheumatic heart disease: a mini review. Front
Cardiovasc Med 2023;10:1183606.

Lahiri S, Sanyahumbi A.

Acute Rheumatic Fever. Pediatr Rev 2021;42:221-32.

Ghanem DN, Jroundi DI

Epidémiologie du Rhumatisme Articulaire Aigu au Maroc : Description des données de
surveillance collectées entre 2000 et 2010 n.d.:33.

Okello E, Ndagire E, Muhamed B, Sarnacki R, Murali M, Pulle J, et al.

Incidence of acute rheumatic fever in northern and western Uganda: a prospective, population-
based study. Lancet Glob Health 2021;9:e1423-30.

. Lindholm DE, Whiteman lJ, Oliver J, Cheung MMH, Hope SA, Brizard CP, et al.

Acute rheumatic fever and rheumatic heart disease in children and adolescents in Victoria,
Australia. ) Paediatr Child Health 2023;59:352-9.

Sani MU, Karaye KM, Borodo MM.

Prevalence and pattern of rheumatic heart disease in the Nigerian savannah: an
echocardiographic study. Cardiovasc J Afr 2007;18:295-9.

Soulami S, Chraibi N

Epidemiological aspects of acute rheumatoid arthritis in the Maghreb countries. Med Trop Rev
Corps Sante Colon 1996;56:21-4.

WHO.

The current evidence for the burden of Group A Streptococcal diseases. World Health
Organization; 2005.

79



46.

47.

48

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

Saxena A.

Increasing detection of rheumatic heart disease with echocardiography. Expert Rev Med Devices
2014;11:491-7.

Misra M, Mittal M, Singh R, Verma A, Rai R, Chandra G, et al.

Prevalence of rheumatic heart disease in school-going children of Eastern Uttar Pradesh. Indian
Heart ] 2007;59:42-3.

. Abdel-Moula AM, Sherif AA, Sallam SA, Mandil AM, Kassem AS, Zaher SR.

Prevalence of rheumatic heart disease among school children in Alexandria, Egypt: a prospective
epidemiological study. ] Egypt Public Health Assoc 1998;73:233-54.

Regmi PR, Pandey MR.

Prevalence of rheumatic fever and rheumatic heart disease in school children of Kathmandu city.
Indian Heart ) 1997;49:518-20.

Fareed A, Saleh O, Maklady F.

Screening for the prevalence of rheumatic heart disease among school children in Egypt.
Echocardiogr Mt Kisco N 2023;40:494-9.

Saxena A, Desai A, Narvencar K, Ramakrishnan S, Thangjam RS, Kulkarni S, et al.
Echocardiographic prevalence of rheumatic heart disease in Indian school children using World
Heart Federation criteria - A multi site extension of RHEUMATIC study (the e-RHEUMATIC study).
Int J Cardiol 2017;249:438-42.

Webb R, Culliford-Semmens N, ChanMow A, Doughty R, Tilton E, Peat B, et al.

High burden of rheumatic heart disease confirmed by echocardiography among Pacific adults
living in New Zealand. Open Heart 2023;10:e002253.

Marijon E, Ou P, Celermajer DS, Ferreira B, Mocumbi AO, Jani D, et al.

Prevalence of rheumatic heart disease detected by echocardiographic screening. N Engl J Med
2007;357:470-6.

Nkomo VT.

Epidemiology and prevention of valvular heart diseases and infective endocarditis in Africa. Heart
2007;93:1510-9.

Aboussad A, Dehbi F.

Caractéristiques du rhumatisme articulaire aigu chez I’enfant agé de moins de cinq ans. ]
Pédiatrie Puériculture 1999;12:421-5.

Lawrence JG, Carapetis JR, Griffiths K, Edwards K, Condon JR.

Acute rheumatic fever and rheumatic heart disease: incidence and progression in the Northern
Territory of Australia, 1997 to 2010. Circulation 2013;128:492-501.

Australian Institue of Health and Welfare,

Acute rheumatic fever and rheumatic heart disease in Australia 2017-2021, Summary. Aust Inst
Health Welf 2023.

Okello E, Wanzhu Z, Musoke C, Twalib A, Kakande B, Lwabi P, et al.

Cardiovascular complications in newly diagnosed rheumatic heart disease patients at Mulago
Hospital, Uganda. Cardiovasc J Afr 2013;24:80-5.

80



509,

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

Sidibé S.

Cardiopathie rhumatismale A Bamako : A propos de 52 cas. Res Fr 2018.
Australian Institue of Health and Welfare,

1.06 Acute rheumatic fever and rheumatic heart disease. AIHW Indig HPF n.d.

.JAABARI I

Aspects échocardiographiques du rhumatisme articulaire aigu de I’enfant. UNIVERSITE CADI
AYYAD FACULTE DE MEDECINE ET DE PHARMACIE, 2009.

Ozer O, Davutoglu V, Sari |, Akkoyun DC, Sucu M.

The spectrum of rheumatic heart disease in the southeastern Anatolia endemic region: results
from 1900 patients. ) Heart Valve Dis 2009;18:68-72.

Owusu IK, Acheamfour-Akowuah E, Wiafe YA.

Clinical and Socio-Demographic Profiles of Patients Seen with Rheumatic Heart Disease in a
Cardiac Clinic of a Tertiary Hospital in Ghana. Res Rep Clin Cardiol 2022;13:85-93.

Sadiq M, Islam K, Abid R, Latif F, Rehman AU, Waheed A, et al.

Prevalence of rheumatic heart disease in school children of urban Lahore. Heart Br Card Soc
2009;95:353-7.

Paar JA, Berrios NM, Rose JD, Caceres M, Pefia R, Pérez W, et al.

Prevalence of Rheumatic Heart Disease in Children and Young Adults in Nicaragua. Am J Cardiol
2010;105:1809-14.

Longo-Mbenza B, Bayekula M, Ngiyulu R, Kintoki VE, Bikangi NF, Seghers KV, et al.

Survey of rheumatic heart disease in school children of Kinshasa town. Int J Cardiol
1998;63:287-94.

Quinn RW.

Epidemiology of group A streptococcal infections—-their changing frequency and severity. Yale J
Biol Med 1982;55:265-70.

Avire NJ, Whiley H, Ross K.

A Review of Streptococcus pyogenes: Public Health Risk Factors, Prevention and Control.
Pathogens 2021;10:248.

Riaz BK, Selim S, Karim MdN, Chowdhury KN, Chowdhury SH, Rahman MdR.

Risk Factors of Rheumatic Heart Disease in Bangladesh: A Case-Control Study. J Health Popul
Nutr 2013;31:70-7.

Okello E, Kakande B, Sebatta E, Kayima J, Kuteesa M, Mutatina B, et al.

Socioeconomic and Environmental Risk Factors among Rheumatic Heart Disease Patients in
Uganda. PLoS ONE 2012;7:e43917.

.AREHHAL L.

LE RHUMATISME ARTICULAIRE AIGU A SOUK EL KHMISS ET A CHICHAOUA : Aspects
épidémiologique, clinique et bactériologique. UNIVERSITE CADI AYYAD FACULTE DE MEDECINE ET
DE PHARMACIE, 2009.

Salmond C, Crampton P, Atkinson J.

NZDep2006 Index of Deprivation. Dep Public Health Univ Otago Wellingt 2007.

81



73

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

. Meira ZMA, Goulart EMA, Colosimo EA, Mota CCC.

Long term follow up of rheumatic fever and predictors of severe rheumatic valvar disease in
Brazilian children and adolescents. Heart Br Card Soc 2005;91:1019-22.

Ralph AP, Kelly A, Lee A-M, Mungatopi VL, Babui SR, Budhathoki NK, et al.

Evaluation of a Community-Led Program for Primordial and Primary Prevention of Rheumatic
Fever in Remote Northern Australia. Int J Environ Res Public Health 2022;19:10215.

Alici H, Davutoglu V, Yuce M, Cakici M, Davutoglu S, Ercan S.

P4548The relationship between sociologic aspects and rheumatic mitral valve disease severity in
an endemic region. Eur Heart J 2017;38:ehx504.P45438.

Gordis L.

Effectiveness of comprehensive-care programs in preventing rheumatic fever. N Engl J Med
1973;289:331-5.

Diagne G, Bop K, Konate S, Sow PS, Fall AL.

Rheumatic Heart Disease in Children: Epidemiological Aspects. Diagnostic and Evolutive at the
Dakar Chu. Open J Pediatr 2023;13:304-12.

Maiga S.

PREVALENCE HOSPITALIERE DES CARDIOPATHIES RHUMATISMALES CARDIOPATHIES
RHUMATISMALES A L’HOPITAL MERE -ENFANT A L’HOPITAL MERE -ENFANT "Le Luxembourg".
Ellenga MB, Okoko A.

RHUMATISME ARTICULAIRE AIGU ET CARDITE AIGUE RHUMATISMALE DANS LE SERVICE DE
PEDIATRIE « GRANDS-ENFANTS » DU CHU DE BRAZZAVILLE.

Gerber MA, Baltimore RS, Eaton CB, Gewitz M, Rowley AH, Shulman ST, et al.

Prevention of rheumatic fever and diagnosis and treatment of acute Streptococcal pharyngitis: a
scientific statement from the American Heart Association Rheumatic Fever, Endocarditis, and
Kawasaki Disease Committee of the Council on Cardiovascular Disease in the Young, the
Interdisciplinary Council on Functional Genomics and Translational Biology, and the
Interdisciplinary Council on Quality of Care and Outcomes Research: endorsed by the American
Academy of Pediatrics. Circulation 2009;119:1541-51.

Spinks A, Glasziou PP, Mar CBD.

Antibiotics for sore throat. Cochrane Database Syst Rev 2013.

Thakur JS, Negi PC, Ahluwalia SK, Vaidya NK.

Epidemiological survey of rheumatic heart disease among school children in the Shimla Hills of
northern India: prevalence and risk factors. J Epidemiol Community Health 1996;50:62-7.
Mirabel M, Tafflet M, Noél B, Parks T, Axler O, Robert J, et al.

Newly diagnosed rheumatic heart disease among indigenous populations in the Pacific. Heart
2015;101:1901-6.

84. Jaiteh LES, Drammeh L, Anderson ST, Mendy J, Ceesay S, D’Alessandro U, et al.

Rheumatic heart disease in The Gambia: clinical and valvular aspects at presentation and
evolution under penicillin prophylaxis. BMC Cardiovasc Disord 2021;21:503.

82



85.

86.

87.

88.

89.

90.

91.

92.

93.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

Aliku TO.

Same disease, different outcomes in different settings: understanding the challenges in acute
rheumatic fever/rheumatic heart disease care in developing countries. Int J Cardiol
2021;342:115-6.

Boyarchuk O, Komorovsky R, Kovalchuk T, Denefil O.

Socio-demographic and medical predictors of rheumatic heart disease in a low-risk population.
Pediatr Pol - Pol ) Paediatr 2018;93:325-30.

Sharma P, Shakya U, Kc S, Shrestha M.

Clinical Profile and Management in Children with Rheumatic Heart Disease in a Tertiary Cardiac
Care Center of Nepal. Nepal Heart ) 2016;13:33-6.

Tadele H, Mekonnen W, Tefera E.

Rheumatic mitral stenosis in children: more accelerated course in sub-Saharan patients. BMC
Cardiovasc Disord 2013;13:95.

Ravisha MS, Tullu MS, Kamat JR.

Rheumatic fever and rheumatic heart disease: clinical profile of 550 cases in India. Arch Med Res
2003;34:382-7.

Beaton A, Okello E, Lwabi P, Mondo C, McCarter R, Sable C.

Echocardiography screening for rheumatic heart disease in Ugandan schoolchildren. Circulation
2012;125:3127-32.

Manyemba J, Mayosi BM.

Penicillin for secondary prevention of rheumatic fever. Cochrane Database Syst Rev
2002;2002:CD002227.

Tompkins DG, Boxerbaum B, Liebman J.

Long-term prognosis of rheumatic fever patients receiving regular intramuscular benzathine
penicillin. Circulation 1972;45:543-51.

Bland EF, Duckett Jones T.

Rheumatic fever and rheumatic heart disease; a twenty year report on 1000 patients followed
since childhood. Circulation 1951;4:836-43.

94. Joseph N, Madi D, Kumar GS, Nelliyanil M, Saralaya V, Rai S.

95.

96.

97.

Clinical Spectrum of Rheumatic Fever and Rheumatic Heart Disease: A 10 Year Experience in an
Urban Area of South India. North Am J Med Sci 2013;5:647-52.

Lilyasari O, Prakoso R, Kurniawati Y, Roebiono PS, Rahajoe AU, Sakidjan I, et al.

Clinical Profile and Management of Rheumatic Heart Disease in Children and Young Adults at a
Tertiary Cardiac Center in Indonesia. Front Surg 2020;7.

WHO.

Rheumatic heart disease https://www.who.int/news-room/fact-sheets/detail/rheumatic-heart-
disease.

CHIKHI LF.

Le valvulaire rhumatismal hospitalise plaidoyer pour la lutte contre le rhumatisme articulaire aigu
au Maroc. Université Sidi Mohammed Ben Abdellah, faculté de médecine et de pharmacie de Fes,
2013.

83



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

Stewart S, Carrington MJ, Sliwa K.

Rheumatic heart disease. Heart Afr., John Wiley & Sons, Ltd; 2016, p. 121-35.

Bernal JM, Pontdn A, Diaz B, Llorca J, Garcia |, Sarralde JA, et al.

Combined mitral and tricuspid valve repair in rheumatic valve disease: fewer reoperations with
prosthetic ring annuloplasty. Circulation 2010;121:1934-40.

Watkins DA, Beaton AZ, Carapetis JR, Karthikeyan G, Mayosi BM, Wyber R, et al.

Rheumatic Heart Disease Worldwide: JACC Scientific Expert Panel. ] Am Coll Cardiol
2018;72:1397-416.

Akinwusi PO, Peter JO, Oyedeji AT, Odeyemi AO.

The new face of rheumatic heart disease in South West Nigeria. Int ] Gen Med 2013;6:375-81.
Saxena A.

Echocardiographic diagnosis of chronic rheumatic valvular lesions. Glob Heart 2013;8:203-12.
Soesanto AM, Suastika LOS.

Echocardiography Screening for Latent Rheumatic Heart Disease: What Can We Do in Indonesia?
Front Surg 2020;7:46.

Aliku T, Sable C, Scheel A, Tompsett A, Lwabi P, Okello E, et al.

Targeted Echocardiographic Screening for Latent Rheumatic Heart Disease in Northern Uganda:
Evaluating Familial Risk Following Identification of an Index Case. PLoS Negl Trop Dis
2016;10:e0004727.

Ali S, Awadallah H, Al Hamim A, Al Hussein H, Al Amin Al Sunni M, Bushari T, et al.

Handheld echocardiography for screening and control of rheumatic heart disease study in Gezira
state, Sudan: a double approach model. Cardiovasc Diagn Ther 2018;8:500-7.

Engel ME, Haileamlak A, Ziihlke L, Lemmer CE, Nkepu S, van de Wall M, et al.

Prevalence of rheumatic heart disease in 4720 asymptomatic scholars from South Africa and
Ethiopia. Heart Br Card Soc 2015;101:1389-94.

Kotit S, Said K, EIFaramawy A, Mahmoud H, Phillips DIW, Yacoub MH.

Prevalence and prognostic value of echocardiographic screening for rheumatic heart disease.
Open Heart 2017;4:e000702.

Condemi F, Rossi G, Lupiz M, Pagano A, Zamatto F, Marini S, et al.

Screening of asymptomatic rheumatic heart disease among refugee/migrant children and youths
in Italy. Pediatr Rheumatol Online J 2019;17:12.

Nascimento BR, Beaton AZ, Nunes MCP, Diamantino AC, Carmo GAL, Oliveira KKB, et al.
Echocardiographic prevalence of rheumatic heart disease in Brazilian schoolchildren: Data from
the PROVAR study. Int J Cardiol 2016;219:439-45.

Engelman D, Kado JH, Reményi B, Colquhoun SM, Carapetis JR, Donath S, et al.

Focused cardiac ultrasound screening for rheumatic heart disease by briefly trained health
workers: a study of diagnostic accuracy. Lancet Glob Health 2016;4:¢386-394.

Melka A.

Rheumatic heart disease in Gondar College of Medial Sciences Teaching Hospital: socio-
demographic and clinical profile. Ethiop Med J 1996;34:207-16.

84



Rheumatic disease diagnosed at the stage of chronic rheumatic valvular heart disease

112. Boyarchuk O.
Clinical features of rheumatic heart disease in children and adults in Western Ukraine. Bangladesh
Journal of Medical Science, 18(1), 87-93.

85






asgekall gy

plial) Al oo
Pt D W
g al) JS WA ) gk AL 8 ) Bl Gy gial 0l g
sl g gl e WIS & ek Y3 JI gAY
RECPPANE
Ao AT 5 (agS158 Sl g cagial S Galill Bia ¢ g
) g qu Al Al Alle 5 Y3 A daa ) Jilug (e pl 3l L8 G eST Gl
Sl (Baall g callall g allall
LI Y oLy @A o Al g calal) uth ot i g
A5kl gl b e U W g8l «isilas o ol e ca B3 ol
(sl g S e G glaia
(DS 5 s (B Al (Faa Aba (68 Ol g
Cpiagally Al gl g Al alaS Lgiady Laa 4040

L d&é‘ L uk‘ ‘&”J



whJld 15
| yiSlpo - dapunllg

MA%CH FACULTE DE MEDECINE

sl palEll deals ET DE PHARMACIE - MARRAKECH
UNIVERSITE CADI AYYAD

42743 5 da 5 k) 2023 A

i) (G sal) Al pa (B (a seia g 1 (o pall it

Crarad) (o0 il g ) (alanall

da g kY
20/11/2023 gy dsle cuibig ciosh
<ok e
Omal () a8 1 dacgl)

i3 55 Anas 1998/09/14 b 3354

hall gé o)y gasSal) Balgd: Jadl
daalidal) cilalgl)

ol Al 4851 5l Aol 45 e (e 3o 5,1 il a yal
DAl apd 4 5

adall)
il g gl o
(il al el 3 M
) o
i _aiall (i) ial el a 33
B e o

Ol Al 5 Gl dal s a3l
803830

Ol Al il da) s A B3l
JubY) Gl d 33l






	Couverture
	Abréviations
	Figures et Tables
	Outline
	Introduction
	Patients and Methods
	Results
	Discussion
	Key Points
	Recommendations
	Strengths and Limitations of the Study

	Conclusion
	Abstract
	Annex
	Bibliography

