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Abstract

Rheumatic Heart Disease remains one of the most neglected cardiac conditions in children and
young adults around the world. The pathogenesis is complex and remains elusive, and the
clinical characteristics vary around the world. This thesis concentrates on different aspects of the
disease in Egypt, where it is known to have a high incidence.

The methodology included epidemiological studies in school children in Aswan and
investigation of RHD in a population with history of RF, using newly developed
echocardiographic criteria. Concomitantly, the pattern of immune response in RF and RHD was
determined in serum and excised valves.

In this series RF presents in children and young adults, as well as adults, (0.2-44 years, 10.69 +
6.24) with polyarthritis being the most common clinical presentation (87.9%) and recurrences of
RF being very common (98.2%). RHD affected 23 in 1000 school children in Aswan with over
90% of the cases being subclinical and developed in up to 69.2% of the individuals with history
of RF, predominantly as mitral regurgitation. Risk factors for the development and severity of
RHD were shown to be low disease awareness, non-compliance to penicillin prophylaxis or a
regimen of longer than 15-days. Resistance to antibiotic regimens, including Penicillin and
Vancomicin seems to lead to development and recurrences of RF in Egypt. This series showed
the presence of immune activation and ongoing immunological reaction in an apparently
quiescent phase of the disease with distortion of normal valvular architecture, histology and
composition.

This work has served to define the epidemiology, pattern of disease, immune reponse and
predisposing factors in a population with no previous data, also contributing to the improvement
of the echocardiographic diagnostic criteria. Standardization of the criteria will allow comparison

of prevalence in different areas and improve case detection.



“We don't believe in Rheumatic Fever or true love until the first attack...”

(Adapted from: Marie Von Ebner-Eschenbach (Austrian novelist, 1830-1916))

This work is dedicated to my beloved father and mother,

Mohamed and Maria do Céu Kotit
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Forgive me

Forgive me for all missed occasions
Holidays, birthdays, anniversaries
Forgive me for not being there

Every moment, every second, every day

Forgive me for not sharing your joy and happiness
And for not always showing how much I care

Forgive me for not drying your tears
Or talk you out of your fears
Forgive me for not holding your hand

When you most needed

Forgive me for all missed kisses
And the phone good night wishes
But only my pillow knows

How much my heart misses

You’re always in my heart
I’ll carry you with me all my life
You are my safe port
My shining star
My home
You are everything and more

Susy Natalia
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1.1 Background
Summary

Rheumatic heart disease (RHD) is estimated to affect around 15,6 to 19,6 million people
worldwide, of whom 2,4 million are children (Carapetis 1999, 2004, 2005%). The disease is
responsible for 25-50% of cardiac conditions in children and young adults in some areas (Woo
1983, Markowitz 1981). However, the true disease burden is certainly substantially higher and
the true prevalence of RHD has been underestimated, owing to the almost total lack of
echocardiographic screening for this disease.

RHD starts with a pharyngeal infection, caused by group A (GAS), group C (GCS) or G (GGS)
streptococci leading to Rheumatic Fever (RF), which presents in a variety of ways after a latent
period of two to three weeks following the initial pharyngitis. Importantly, the geographical
variety in types of streptococcal strains and their rheumatogenicity has not been clarified till
date.

Carditis occurs in up to 80% of patients with RF, and at least 60% of untreated patients develop
chronic progressive and permanent valvular damage and dysfunction known as RHD (Steer
2009°) affecting predominantly the mitral valve (Carapetis 2008, Ramakrishnan 2009, Reddy
2004) with appearent difference in the exact type of valve affection in different parts of the
world. Subclinical RHD shows a prevalence of 90%, for which echocardiography is a successful
screening tool (Marijon 2007). However, there has been debate concerning the echocardiographic signs
of early RHD and the diagnostic criteria to be used.

The pathogenesis of RHD is complex and involves both microbial and host factors that
predispose and influence the development of the clinical features by triggering the autoimmune
humoral and cellular response that causes inflammation leading to the establishment of chronic
RHD. A major role is attributed to inflammatory cytokines in mediating heart lesions (Guilherme
2009) as streptococcal throat infection triggers an inflammatory reaction that involves several
proinflammatory cytokines which can be detected in peripheral blood as well as valvular tissue
of RF and RHD patients (Guilherme 2009). Nevertheless, RHD valves also show signs of
cellular infiltration in combination with specific structural and biochemical features (Sampaio
2007).

20
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RHD causes high morbidity and mortality and remains a major public health problem among
most of the world’s population. However, RHD remains being badly neglected, with very few
important initiatives and little research and many gaps in our knowledge of its pathogenesis and
mechanisms. In Egypt, a high percentage of schoolchildren have clinical evidence of cardiac
valvular damage due to RHD and the course is found to be severe and aggressive (Kassem 1982,
Abdin 1968, El Sherif 1975), nevertheless, the prevalence and determinants which seem to differ

from other areas are still unknown while data remains lacking.
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1.2 Rheumatic Fever

The worldwide incidence is estimated to reach up to 700 cases per 100,000 among children and
young adults between ages 5 and 20 leading to around 10 to 20 million new cases every year
(Carapetis 2005, Carapetis 20052, Tibazarwa 2008, Carapetis 2000, Soto Lopez 2001) in certain
parts of the world of whom 60% to 90% will develop RHD (Ganguly 2004, Carapetis 2005,
Carapetis 2005%). Importantly, the epidemiology of RF varies between countries and regions
(Bisno 1997, Dinkla 2003), and there is great concern about the high prevalence of streptococcal
infection and RF (WHO 1986, Steer 2009) which remains endemic in different areas. The
decline of the incidence of RF in industrialized countries over the past four decades has been
attributed to more hygienic and less crowded living conditions, improvement of access to
medical care and introduction of antibiotics. However, focal outbreaks of RF have been
reported, often in combination with the reappearance of certain rheumatogenic serotypes (Veasy
1987). The acute illness causes considerable morbidity and mortality, however, the major clinical
and public health effects derive from RHD (Olivier 2000).
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Figure 1.1 Age-standardised disability-adjusted life year (DALY) rates from RHD by country
(per 100,000 inhabitants)
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1.2.1 Presentation

The first symptoms appear after a latent period of two to three weeks following the initial
pharyngitis, presenting in a variety of ways, including arthritis, carditis, chorea, subcutaneous
nodules, and erythema marginatum. Polyarthritis is the earliest as well as the most common
manifestation of RF, present in 60% to 80% of patients (Guilherme 2009) starting
characteristically in the joints of the lower extremities early in the rheumatic attack when
streptococcal antibodies are at peak elevation (llia 1992).

Carditis, the most serious complication, occurs a few weeks after the infection in 40% to 80% of
patients with RF and leads to chronic damage to the heart valves, known as Rheumatic Heart
Disease (RHD), characterized by progressive and permanent valvular lesions (Guilherme 2009,
Sanyal 1982, Sanyal 1974, Steer 20092, Bland 1951).

Sydenham chorea occurs in 10 to 30% of patients with RF. Unlike arthritis or carditis,
symptoms of chorea present late, usually months after the initial pharyngitis and the process is
self-limiting and reversible (Jones Criteria 1992). Erythema marginatum, the characteristic rash,
also known as erythema annulare, occurs in 5 to 13% patients (Massell 1958). Subcutaneous
nodules are currently an infrequent manifestation of RF with a small frequency of 0 to 8%
(Massell 1958) varying in different series and countries (Behera 1994).

History of an antecedent sore throat 1-5 weeks prior to onset of RF is present in 70% of older
children and young adults. However, only 20% of the younger children can recall an antecedent
sore throat. Although individuals of any age group may be affected, most cases are reported in
persons aged 5 to 15 years (Steer 2009) as streptococcal pharyngitis is mainly found in this age
group (Bassili 2000, Dajani 1992, Bharani 2010). RF is therefore principally a disease of
childhood, with a median age of 10 years, being rare in children younger than 3 or above 18
years (Carapetis 2005Y). While pre-school children may frequently acquire stretococcal
infections, overt disease is usually mild or absent although outbreaks in child care settings have
been reported (Majeed 1986). The low incidence of less than 6 percent of streptococcal throat
infection in children below 2 years of age may be the result of the low adherence rate of
streptococci to buccal mucosal epithelia during the first years of life (Guggenbichler 1994).
Streptococcal pharyngitis remains an uncommon cause of pharyngitis in pre-school children.

However, approximately 40 percent of streptococcal infections are believed to occur in children
23
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2 to 6 years of age (Markowitz 1963) and it is not clear why RF is uncommon in children below
5 years and rare in children younger than 3 years (Guggenbichler 1994, Rosenthal 1968).
Furthermore, although less commonly seen in adults compared with children, rheumatic fever in
adults accounts for 20% of cases.

Rheumatic fever occurs equally in males and females, however, with a worse prognosis for
females (Sanyal 1982, Cole 1976, Longo-Mbenza 1998, Mahmudi 2006). Patients with previous
RF are at risk of recurrence, which is the highest within 5 years and younger age at the time of
the initial episode. Generally, the recurrent attacks are similar to the initial attack, however, risk

of carditis and severity of valve damage increase with each attack (Sanyal 1982).

1.2.2 Diagnosis

The main clinical features of RF are outlined in the Jones Criteria (Stollerman 2001), which are
constantly updated (Stollerman 1965, Stollerman 2001, Jones Criteria 1992) (Table 1.1). The
diagnosis is made upon the presence of two major, or one major and two minor manifestations,
plus evidence of previous GAS infection. Chorea and indolent carditis do not require evidence of
previous GAS infection and recurrent episode requires only one major or several minor
manifestations, plus evidence of previous GAS infection. The minor criteria lack diagnostic
specificity than the major criteria and arthralgia without objective findings is common in RF.
The pain usually involves large joints, maybe mild or incapacitating, and may be present for days
to weeks, often varying in severity (Agarwal 1986, Nair 1990).

Although, every revision increases the specificity but decreases the sensitivity of the criteria, in
response to the steadily declining incidence of RF in developed countries (WHO 2004).
Furthermore, the diagnosis of a recurrent RF attack can be less obvious than that of a first
episode (Jones Criteria (1992 update)), therefore the Jones Criteria is applied more readily to
initial attacks (Stollerman 2001).
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Table 1.1 Guidelines for the diagnosis of rheumatic fever (Jones Criteria, 1992 update)

Major manifestations
-Carditis

-Polyarthritis

-Chorea

-Erythema marginatum
-Subcutaneous nodules

Minor manifestations
Clinical findings:
-arthralgia

-Fever

Laboratory findings:
-Raised Erythrocyte sedimentation rate or C-reactive protein concentrations
-prolonged PR interval on electrocardiogram

Supporting evidence of antecedent GAS infection:

-Positive throat culture or rapid antigen test for GAS

-Rased or rising streptococcal antibody titer
*Criteria: Two major, or one major and two minor manifestations must be present, plus evidence of
previous GAS infection. Chorea and indolent carditis do not require evidence of previous GAS infection.
Recurrent episode requires only one major or several minor manifestations, plus evidence of previous
GAS infection.

Alternatively, the 2002-03 WHO criteria (Table 1.2) (WHO 2004) specify less stringent
requirements for the diagnosis of recurrent RF in patients with established RHD and are thought
to be more sensitive than the Jones criteria (Olivier 2000, WHO 2004).

Table 1.2 WHO Criteria (2002-03) (WHO 2004)

First episode
-as per Jones criteria (Guidelines for the diagnosis of rheumatic fever. Jones

Criteria, 1992 update)

Recurrent episode

-In a patient without established RHD: as per first episode

-In a patient with established RHD: requires two minor manifestations, plus

evidence of antecedent GAS infection. Evidence of antecedent GAS

infection as per Jones Criteria, but with addition of recent scarlet fever.
*Chorea and indolent carditis do not require evidence of antecedent GAS infection
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1.2.3 Diagnostic tools
There are different additive diagnostic tools for the detection of streptococcal infection and the
diagnosis of RF.

Streptococcal isolation

Streptococci can be isolated by culture of throat swab, but they are only found in 15-20% of
patients. This may be due to both the latency period between infection and the onset of RF
symptoms and the prior use of antibiotic. Nevertheless, non-invasive carriage of group A
streptococcus contributes to the low sensitivity of throat culture in diagnosing a preceding
infection and rapid antigen detection tests from throat swabs have the same limitations as
cultures with specificity of 95% but lower sensitivity.

Laboratory tests

Laboratory tests cannot independently determine the diagnosis of RF, although some provide
supporting evidence of illness or are used to follow the progress of treatment. Different infection
parameters are used to confirm the suspicion of RF differentiating between general infection
parameters and streptococcal specific parameters.

The initial routine laboratory assessment should consist of a complete blood cell count (CBC),
including a white blood cell and differential count, and the determination of acute phase
indicators such as ESR and CRP, the major inflammatory parameters. These acute phase
reactants are plasma proteins that increase during acute phase of inflammation. They are
produced by the liver under regulation of circulating cytokines such as interleukin-6 (IL-6),
interleukin-13 (IL-1p), and tumor necrosis factor-a (TNF-a), released by monocytes and
macrophages. Importantly, both ESR and CRP are affected by anti-inflammatory medications
(Lane 2002, Wagner-Weiner 2002).

Evidence of preceding streptococcal infection is set with the presence of increased
antistreptolysin O (ASO), the antibody produced against an antigen produced by streptococci or
other streptococcal antibodies as anti-DNAse B or antihyaluronidase, positive rapid direct group

A strep carbohydrate antigen test or recent scarlet fever (Stollerman 2001).
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Complete blood count (CBC)

A complete blood cell count (CBC) includes a white blood cell and differential count.
Leukocytosis with neutrophilia and mild to moderate anaemia are found in RF. Haemologlobin
levels below 90g/I are usually associated with severe carditis. Lymhocytosis and severe anaemia

suggest a differential diagnosis that includes leukemia and sickle cell anaemia.

Erythrocyte sedimentation rate (ESR)

Acute phase reactants are always elevated at the onset of acute RF. ESR is one of the major
monitoring tests for acute phase inflammation because it correlates with increased levels of acute
phase reactants, in particular, fibrinogen, which is one of the acute phase reactants produced by
the liver in response to IL-6, IL-1, and TNF. About 60 to 70% of ESR depends on fibrinogen
because of its neutralizing effect on erythrocyte syalic acid, which inhibits red blood cell
aggregation (Kowalczyk 2006, Sox 1986, Paulus 2004).

The erythrocyte sedimentation rate (ESR) is elevated in the first weeks of the disease, and higher

levels are found among patients with cardiac involvement.

C-reactive protein (CRP)

CRP is an acute-phase protein which recognizes pathogens and mediates the complement system
and phagocytic cells. It activates neutrophils, monocytes, and platelets, upregulates adhesion
molecules, and appears to play a role in the clearance of apoptotic and necrotic host cells. These
latter properties of CRP have been suspected to contribute to inflammation and autoimmune
diseases. CRP is a member of the pentraxin family of proteins, made in the liver under the
control of cytokines such as IL-6, IL-1, and TNF-a (Volanakis 2001, Du Clos 2004, Szalai
2004).

CRP usually appears in the sera of patients in the acute stages of a number of inflammatory
conditions such as most bacterial as for example acute RF with or without carditis. CRP is
considered to be a sensitive indicator of inflammation. Changes in the serum level of CRP with
time from the same patient can be used as an index of recovery. The use of the CRP test to

measure the effectiveness of therapy is of great clinical significance in cases such as acute
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rheumatic fever. C-reactive protein (CRP) is elevated at the onset of the acute phase and tends to
disappear at the end of the second or third week (Yeh 2004).

Anti-streptolisin O (ASO)

The ASO titer (ASOT) demonstrates the body's reaction to an infection caused by streptococci
which produces the enzyme streptolysin O, which can lyse red blood cells. Because streptolysin
O is antigenic containing a protein foreign to the body, the body reacts by producing
antistreptolysin O (ASO), which is a neutralizing antibody. Serial ASO testing is often
performed and recommended at 15-day intervals to determine the difference between an acute or
convalescent blood sample. The normal values are 160 Todd units/ml for adults and 170-330
Todd units/ml for children from 5 to 12 years. The sensitivity of ASO titer (adults with >240
Todd U and children with >320 Todd U) is 80%. Streptococcal antibodies are the most useful
infection parameters because they reach a peak titer at about the time of onset of RF, they
indicate true infection rather than transient carriage and any significant recent streptococcal
infection may be detected by making several tests of different antibodies. Approximately 20% of
patients with RF may not have this antibody. In these cases, determination of anti-hyaluronidase,
ant-deaoxyribonuclease B (Anti-Dnase B) and/or anti-streptokinase antibodies may be essential
for the diagnosis of recent infection. Negative infection parameters should be followed by a
throat culture (Bisno 1997, Hahn 2005, Roodpeyma 2005).

Chest Radiograph and Electrocardiogram (ECG)

The chest radiograph and ECG may be abnormal in only 30% of patients with carditis. The chest
radiograph usually shows cardiomegally only in patients with myocarditis or moderate to severe
pericardial effusion.

Electrocardiograms may reflect the effect of the inflammatory process on the conduction system
and repolarization abnormalities characterized by prolonged PR and QT intervals can be
observed. The most characteristic feature in acute RF is conduction disturbances most commonly
in the form of 1st degree heart block (a prolonged PR interval) which occurs in 24- 40%. Repeat
tracings are recommended to demonstrate a variation in atrioventricular conduction which is

more valuable. The PR interval usually returns to normal after the disease becomes inactive and
28

Rheumatic Heart Disease in Egypt



Chapter 1 Introduction

it can occur with or without carditis. In acute rheumatic pericarditis, ST elevation or inversion is
present. Low-voltage QRS complexes and abnormalities of the ST interval may be seen with
pericarditis (WHO 2004).

Echocardiography

Echocardiography improves the diagnosis and is successfully used for the detection of carditis
without overt evidence of valvular or other cardiac involvement (Marijon 2007, Carapetis 2008).
Therefore, ultrasound should be considered as the primary diagnostic modality for RHD survey
in children and should be used to diagnose subclinical acute rheumatic carditis and silent
indolent rheumatic carditis (Olivier 2000, WHO 2004, Carapetis 20052). The echo criteria is an
important issue for consensus definition, and there is an increased interest in new and

comprehensive criteria to enforce the diagnostic criteria for RHD.

1.3 Rheumatic Heart Disease

It is believed that there are 15,6 to 19,6 million people affected with RHD worldwide, of which
2,4 million children aged between 5 to 14 years (Carapetis 2005, Carapetis 2004). Importantly,
estimates suggest that over 6 million of the 10 to 20 million individuals who acquire RF every
year go on to develop RHD with most deaths occurring in childhood and early adulthood
(Carapetis 1999, Carapetis 2005'). RF and RHD are therefore one of the major and leading
causes of cardiovascular disease as they are responsible for 25 to 50% of cardiac conditions in
children and young adults in endemic areas (Dale 1985, Woo 1983, Markowitz 1981). However,
the true disease burden is likely to be substantially higher as these estimates are based on
conservative assumptions, and the overall quality of epidemiological data from developing
countries is poor particularly with respect to epidemiologic studies and the lack of screening
(Carapetis 2004).

School children

Echocardiography has resulted in prevalence rates of 62 in 1,000 in Kenya (Anabwani 1996), 48
in 1,000 in Nicaragua (Paar 2010) and 30.4 in 1,000 in Mozambique (Marijon 2007) providing
an average point prevalence of 40 in 1,000 in school-aged children (Paar 2010). Importantly, this
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prevalence increases significantly with age, peaking up to 42.6 per 1,000 in children aged 10-12
years (Carapetis 2008). These results confirm that the prevalence of RHD in school-aged
children is far greater than earlier estimates and extend the observations to show a high
prevalence of subclinical disease in young adults who may be at great risk for developing
chronic progressive RHD. Importantly, on the basis of the few studies that have estimated age-
specific prevalence in a broad range of ages (Carapetis 2000, Agarwal 1995, Aung 1992, Brown
2003), it has been previously calculated that the number of RHD cases in children aged 5-14
years should be increased fivefold to sevenfold in order to reflect the true number of prevalent
cases in the general population (Carapetis 2005%) as the number of cases of RHD in school-aged
children represents less than 20% of the cases in the whole population (Steer 2009).

In Egypt, a high percentage of schoolchildren have clinical evidence of cardiac valvular damage
due to RHD and the course is found to be severe and aggressive (Kassem 1982, Abdin 1968, El
Sherif 1975), nevertheless, the true prevalence and determinants are still unknown and while data
from several other places is available, current accurate data from Egypt is lacking. However, a
prevalence of 5.1 per 1000 schoolchildren has been previously estimated in the early 1990°s
(Alwan 1993, WHO 1992).

1.3.1 Clinical presentation

RHD is usually the result of cumulative cardiac valve damage from recurrent or persistent
episodes of RF, which are sometimes asymptomatic but leading to significant rheumatic valve
disease in later life after just one carditis episode, as confirmed by echocardiography. Subclinical
carditis or valvular affection, without clinical murmurs but documented functional changes is
relatively common in RF (Tubridy-Clark 2007, Figueroa 2001) and approximately 90% of cases
of RHD are clinically silent, occurring in asymptomatic individuals without audible murmurs
(Marijon 2007). Therefore, many people with RHD do not have a known history of RF and are
unaware of their disease until it is detected incidentally during a medical examination, or until
their disease worsens and they develop symptoms of cardiac failure (Carapetis 2005%).

Cardiac involvement is often established by finding of a new murmur of mitral or aortic

insufficiency. Mitral regurgitation, heard best at the apex, is generally of moderate-to-high
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intensity throughout systole. Aortic insufficiency is a basal diastolic murmur that is usually high-
pitched and blowing and decreases in intensity toward the end of diastole.

RHD predominantly affects the mitral valve and, less commonly, the aortic valve. Mitral valve
incompetence is the most common valvular lesion with a prevalence ranging up to 94%
(Carapetis 2008, Ramakrishnan 2009), particularly in the early stages of the disease. Importantly,
patients with mitral incompetence can remain relatively asymptomatic for up to 10 years, as a
result of compensatory left atrial and left ventricular dilatation before the onset of left ventricular
systolic dysfunction. Mitral stenosis is believed to develop later as a result of persistent or
recurrent valvulitis, although rapid progression to mitral stenosis has been described in some
areas. Tricuspid regurgitation can occur as a result of volume overload, usually caused by mitral
stenosis (Jaffe 1988, Vasan 1996, Carapetis 2000).

Similar prevalence of subclinical carditis and permanent RHD features suggests that acute valve
lesions induced by subclinical rheumatic carditis persist to about the same extent as the lesions in
clinically evident acute RHD (Marijon 2007). Importantly, progression of the rheumatic valvular
lesions to chronic subclinical valvular disease is around 82% (Meira 2005) and the prevalence of
persistence or deterioration of subclinical carditis is around 60% after five years of follow up in
spite of continuous penicillin prophylaxis and no evidence of recurrent disease (Figeroa 2001).
However, the long-term outcome of patients with subclinical carditis and RHD has not been
established, and therefore, the persistence and development of permanent valvular lesions is not

known.

31

Rheumatic Heart Disease in Egypt



Chapter 1 Introduction

Figure 1.3 Calcific aortic valve
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1.3.2 Risk factors

Variables that seem to correlate with severity of valve disease include the number of previous
attacks of rheumatic fever, the length of time between the onset of disease and start of therapy,
and gender. RHD has been reported to be more severe in females than in males as isolated mitral
stenosis is more common in girls than in boys with a ratio of 1:2 (Cole 1976, Longo-Mbenza
1998) and carditis, valvulitis, and cardiomegaly are significantly more common in female
patients (Mahmudi 2006).

Repeated episodes of RF are believed to lead to further inflammatory damage and subsequent
scarring of cardiac valves (Veasy 1997, Majeed 1992). Mitral and aortic regurgitation are the
most common events caused by repeated valvulitis (Guilherme 2009) while recurrence of RF
leads to worsening of rheumatic valve lesions.

Meanwhile, reversibility has been reported and insufficiency from acute rheumatic valve disease
has been shown to resolve in 60-80% of patients who adhere to antibiotic prophylaxis (Chin

2010). However, other, additional influencing factors have not yet been reported.

1.3.3 Prevention

The administration of penicillin has been the most extensively strategy used to prevent and treat
RF (Markowitz 1993, Bisno 1997, Macris 1998, Gibofsky 1993, Bisno 2004, Bisno 2002), but
the currently available methods for prevention of streptococcal infections and its sequelae are
still insufficient and inadequate (Bisno 2005, Bisno 1997, Carapetis 20057, Jones Criteria 1992).

Primary prevention

Primary prevention of RF with prompt diagnosis and focus on antibiotic treatment of acute
streptococcal pharyngitis (Tandon 2004, Bisno 2002) is beneficial in individual cases but has not
been effective in controlling the disease, although the organism remains uniformly susceptible to
penicillin (Bisno 2005, Bisno 1997, Betriu 1993). Therefore, penicillin is considered mandatory
for the eradication of streptococcal infection of the upper respiratory tract (Bisno 2002) though it
does not alter the cardiac outcome (Carapetis 2005°, Meira 1993, Lennon 2000, Bisno 2002).

However, patients receiving penicillin show a slight faster clinical improvement, and a modest
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reduction in symptom duration with antibiotic therapy, with more rapid decrease in fever and
symptoms.

A 10-day oral penicillin V regimen is required to prevent RF (Bisno 1997). This regimen can be
replaced by an injection of benzathine penicillin G in regions where RF is still endemic. This
preventive antibiotic treatment does not achieve more than 90 to 95% eradication of organisms
from the throat, but is a reliable guideline for primary prevention of RF and the intrafamilial
spread of virulent strains (Stollerman 2001, EI Kholy 1980).

Secondary prevention

Repeated episodes of RF lead to further inflammatory damage and subsequent scarring of
cardiac valves, therefore, the aim of secondary penicillin prophylaxis is to prevent development
and worsening of RHD by reducing the incidence of recurrent RF (Veasy 1997, Majeed 1992,
Massell 1988). Therefore, secondary prevention relies on accurate case detection for the
appropriate use of prophylactic antibiotics and regular medical surveillance as it may be highly
effective in preventing disease progression, even in children with subclinical disease. Penicillin
prophylaxis is therefore a critical cost-effective intervention for preventing morbidity and
mortality related to RF and the most practical strategy for prevention of recurrences of RF and
the resultant progression to RHD (Michaud 1993, Carapetis 2005%, Stewart 2007, Steer 2009).
Secondary prevention of RF consists of continuous long-term administration of intramuscular
benzathine penicillin G (Manyemba 2002, Dajani 1995, Lennon 2002, Bisno 2005, Carapetis
2005%, McDonald 2005, Manyemba 2003). The ideal dose, route, frequency, and duration of
administration for penicillin as secondary prophylaxis have not been established specially for
children and considerable variation is evident in practice and in guidelines around the world
(WHO 2001, Gerber 2009, NHF Australia 2006, Saxena 2008). However, a systematic review of
randomized controlled trials revealed that intramuscular injection of benzathine penicillin G is
superior to daily oral penicillin (Manyemba 2002, Kassem 1992, Kassem 1996) and that a
prophylaxis regimen of 2 or 3 weeks, rather than 4 weeks, reduces the number of recurrences of
RF (Lue 1986, Lue 1994).

Most physicians believe that prophylaxis should continue at least until the patient is a young

adult, 18 to 20 years, which usually is 10 years from an acute attack with no recurrence (Dajani
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1995). The potential efficacy of prescription duration of prophylaxis five years or age 18 if no
carditis during previous episodes, or ten years or age 25 in patients with only mild mitral
regurgitation or healed carditis has been evaluated and shown to lead to a lower recurrence of RF
attacks. Importantly, individuals with documented evidence of RHD should be on continuous
prophylaxis indefinitely because RF can recur as late as the fifth or sixth decade of life.
However, secondary prophylaxis with penicillin is expensive and has not been very effective in
controlling RF, as the compliance to this regimen is low resulting in many recurrences of the
attacks (Nordet 1992, Carapetis 1996). Nevertheless penicillin prophylaxis is the only proven
cost-effective intervention (Carapetis 20052, McDonald 2005, Manyemba 2003), and should be
promoted. This approach requires patient compliance for the treatment and a well-developed
public health infrastructure to assure fidelity and maintenance of registries (McDonald 2005,
Bisno 2005). Nevertheless, regardless of whether or not prophylaxis is continued, there should

always be a low threshold to test and treat acute episodes of streptococcal pharyngitis.

1.3.4 Screening

The fact that subclinical carditis is relatively common in RF (Tubridy-Clark 2007) ranging up to
90% (Folger 1992, Abernethy 1994) and that detection at such an early stage is believed to limit
the progression to and improve the prognosis of chronic valvular disease with adherence to
secondary penicillin prophylaxis lending support to the fact that screening is essential. Therefore
early detection of subclinical RHD is vital, as it presents an opportunity for case detection at a
time prophylactic penicillin can prevent progression to important valve disease in young adult
life. The fact that only screening can indicate the true disease burden and detect those in danger
of developing or progressing into valvular disease highlights the importance of developing
effective screening programmes to identify patients at risk or those who have asymptomatic
disease in the community. Apart from its importance for applying secondary prevention,
screening programs in different parts of the world where the disease is common, are essential for
understanding the pathogenesis of the disease, developing new specific diagnostic methods and
importantly helping the development of effective vaccines (Bisno 2005).

In populations with high prevalence, RHD satisfies all the Council of Europe’s criteria for

selecting diseases suitable for screening. The Council of Europe (1994) and the WHO
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recommended school-based screening as a way to estimate disease burden for RHD and as a way
to identify patients in an area with a high prevalence of RHD (Bisno 2001, WHO 2004, Council
of Europe 1994). However, specific recommendations regarding screening methods were not
mentioned. A study carried out by highly trained clinicians in New Zealand found that clinical
diagnosis of heart valve lesions is often inaccurate (Jaffe 1988).

1.4 Echocardiography

Echocardiography is a highly accurate method for diagnosing and characterizing valve lesions
(Jaffe 1988, Bisno 2001), giving excellent details of the structural and functional abnormalities
in RF and RHD and increasing the case detection rate by 10-fold compared to clinical
examination, identifying children at risk of developing RHD for whom secondary prevention
with penicillin prophylaxis may be effective (Marijon 2001, Marijon 2007) and resulting in

major potential public health benefits.

1.4.1 Echocardiographic criteria

Echocardiography is found to be the only approach with sufficient sensitivity and specificity for
the detection of subclinical carditis and RHD in the absence of auscultatory findings and overt
evidence of valvular or other cardiac involvement (Marijon 2007, Carapetis 2008), during both
the acute and the quiescent phases of the disease (Veasy 1993, Veasy 1994, Wilson 1995) and is
therefore the perfect screening tool. However, there are no universally agreed criteria for the
echocardiographic diagnosis of RHD and there has been debate concerning the
echocardiographic signs of early RHD and the criteria to be used as an echo definition of RHD
based on the length, velocity, and persistence of the regurgitant jet may depend on the gain
settings on the ultrasound equipment (Minich 1997, Wilson 1995, WHO 2004).

Based on the fact that progress and prognosis of RHD depends on case detection and adherence
to penicillin prophylaxis shows the need for standard echocardiographic criteria to diagnose
RHD. The evaluation of inclusion of echocardiographic assessment in the Jones criteria has led
to the conduction several studies to define the role and value of echocardiography and screening

in the diagnosis and assessment of subclinical RHD.
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Criteria 1 (WHO 2004)

The currently utilized World Health Organization (WHO) criteria for the diagnosis of subclinical
RHD refers to a set of consensus recommendations by a WHO expert panel, widely used by
practitioners for the diagnosis of subclinical RHD, and are based only on Doppler characteristics
of the valvular regurgitation, defined by the association of a regurgitant jet >1 cm in length, seen
in at least 2 planes, a mosaic color jet with a peak velocity >2.5 m/s, persisting throughout
systole or diastole (WHO 2004) (Table 1.3). This set of criteria emphasizes the presence of
pathological valve regurgitation but does not include valve structural features of RHD
presumably missing up to three quarters of cases of subclinically affected and therefore

potentially treatable children with RHD.

Table 1.3 WHO criteria
Doppler criteria
A regurgitant jet >1 cm in length
A regurgitant jet in at least 2 planes
A mosaic colour jet with a peak velocity >2.5 m/s
The jet persists throughout systole or diastole

Criteria 2 (Carapetis 2008)

An stringent criteria that combined internationally accepted definitions of pathological valvular
regurgitation (Bisno 2008) with evidence of structural changes to valve appearance that are
typical of RHD has been developed defining regurgitation as pathological when meeting all four
criteria defined by the WHO (Table 1.3) otherwise classifying it as physiological (Carapetis
2008, Carapetis 20082, Bisno 2008, Folger 1992, Wilson 1995) has also been used.

This criteria resulted from a study that developed an abbreviated protocol that took 5-10 min per
child and focused on rheumatic pathology of the mitral and aortic valves with diagnostic criteria
consistent with those cited in a number of reports (Bisno 2008, Wilson 1995, Carapetis 20087).
Because the WHO criteria do not provide guidelines for categorizing severity, the division
between categories was subjectively based on the direction of the regurgitant jet and its width,
length and size compared with the left atrium. Structural abnormalities of the mitral valve such

as valvular thickening and/or an elbow deformity of the anterior mitral valve leaflet
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characteristic of rheumatic carditis were required for the diagnosis of definite RHD. If the mitral
valve appeared normal, a diagnosis of definite RHD was made only if regurgitation was of mild
or greater severity. Very mild pathological mitral regurgitation with normal valve morphology
and the available views were only suggestive of RHD leading to a diagnosis of borderline RHD.
However, any degree of pathological aortic regurgitation, mitral or aortic stenoses were
considered to indicate definite RHD as they represent a condition rare in healthy children (Folger
1992). Mitral stenosis was diagnosed if flow acceleration across the mitral valve and a mean
pressure gradient greater than 4 mmHg were seen on echocardiography. Similarly, flow
acceleration across the aortic valve with a peak velocity greater than 2 m/s was necessary for
diagnosis of aortic stenosis. The severity of stenosis was also subjectively classified as very mild,
mild, moderate or severe.

These criteria included stenotic lesions but ignored the leaflet mobility and the subvalvular
apparatus. Furthermore, a combination of functional and structural characteristics was not always
necessary for the diagnosis of RHD, which might lead to a lower sensitivity of the criteria for the
diagnosis by neglecting structural features.

Criteria 3 (Marijon 2007)

A systematic echocardiographic school based screening achieved a case detection rate 10-fold
that achieved by clinical examination only. The criteria used considered RHD by the presence of
any definite evidence of mitral- or aortic-valve regurgitation seen in two planes by Doppler
echocardiography, accompanied by at least two of the following three structural abnormalities of
the regurgitant valve: (1) leaflet morphology (typical marked thickening of the margins), (2)
leaflet mobility (abnormal motion due to the posterior leaflet tip restriction), and (3) subvalvular
apparatus morphology (prominent thickening, most often just below the valve, and shortening of
chordal structures). Only left-sided valves were examined for features of RHD. Mild tricuspid
regurgitation and pulmonary regurgitation were frequently noted but were not regarded as
indicating RHD as these conditions are frequent and seldom rheumatic in origin. This criteria
included valvular stenotic lesions in the evaluation but failed to specify the parameters used for

the definition of relevant valvular disease and regurgitation on echocardiography (Marijon 2007).
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Table 1.4 Criteria 3
Any degree of valvular regurgitation seen in at least 2 planes
Associated with at least 2 structural signs:
Leaflet restriction
Subvalvular thickening
Valvular thickening

Recently, this criteria has been compared to the WHO criteria in the setting of systematic
echocardiographic screening of randomly selected school children aged 6 to 17 years to assess
the echocardiographic RHD prevalence, and evaluate both criteria showing a significant lower
detection rate by the WHO criteria. This confirms that case detection may differ importantly
according to the diagnostic criteria utilized and that emphasis of the pathological valvular
function and exclusion of valvular structural features of RHD leads to underdiagnosis of up to
three quarters of cases of subclinically affected individuals.

This data indicates that inclusion of structural valve features in addition to regurgitation has the
potential to increase case detection rates by up to 3-fold, with major potential public health
benefits. Nevertheless, the WHO criteria is more likely related to acute RHD, whereas structural
changes as defined in the combined criteria is more likely to suggest chronic RHD lesions. The
WHO criteria may be easier to use at screenings with a portable ultrasound system, however this
set of criteria seems to suffer from a substantially lower sensitivity than the combined one
(Marijon 2009).

1.5 Pathogenesis

RF is a delayed, non-suppurative consequence of a streptococcal pharyngeal infection with B-
hemolytic streptococci of Lancefield group A (Group A Streptococcus, GAS), C (GCS) and G
(GGS) resulting in an autoimmune response (Olivier 2000, Cunningham 2000, Guilherme 2009,
Dinkla 2007). However, the pathogenesis of RF/RHD is complex and involves both microbial
factors and host factors that predispose and influence the development of autoimmune reactions
and sequelae following streptococcal infection (Guilherme 1995). Although the pathogenesis of
RF and RHD remains somewhat elusive, RF is clearly the result of an exaggerated immune

response related to molecular mimicry between streptococcal and human proteins triggering
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factors leading to autoimmune humoral and cellular responses directed toward human tissues in
the response to streptococci. However, the host genetic markers for the predisposition to develop
RHD have not yet been identified (Carreno-Manjarrez 2000) although an increased frequency of
specific HLA class Il haplotypes has been observed among RHD patients (Guilherme 2009,
Cunningham 2000, Bisno 2003).

1.5.1 Molecular mimicry

Sharing of antigenic determinants between epitopes on the pathogen, the streptococci and
specific human tissues is implicated in RF and RHD (Bisno 2005, Zabriskie 2004) by triggering
the autoimmune response that causes RF (Cunningham 2000, Guilherme 2001, Cunningham
2003). This molecular mimicry between streptococcal antigens and human host tissue is thought
to be the basis of cross-reactivity (Guilherme 2006).

Streptococcal M proteins share epitopes with human heart tissue including cardiac myosin
(Carapetis 2005%), troppomyosin, vimentin, laminin and sarcolemmal membrane proteins
mediating B and/or T cell cross-reactions (Cunningham 2000). Therefore, antibodies against the
M protein can cross-react with heart tissue and induce heart valve damage due to inflammatory
reactions. This molecular mimicry between streptococcal and human proteins has been proposed
as the triggering factor leading to autoimmunity in RF and RHD.

The structural and immunological similarities between streptococcal M protein and human
myosin, both o-helical and coiled-coil molecules seems essential for the development of
rheumatic carditis (Carapetis 2005%). However, valvular disease, rather than acute myocarditis, is
responsible for most of the cardiac morbidity and mortality of RF (Williams 2002, Kamblock
2003, Gentles 2001, Essop 1993).

1.5.2 Cellular and humoral immune response

Humoral and cellular immune responses are involved in the development of RF autoimmune
reactions (Guilherme 2005°) and both B- and T-cells play important role in the development of
RF (Guilherme 2007). The role of the humoral immune response in the development of RHD
lesions is to trigger endothelial inflammation, leading to subsequent T- cell infiltration

(Guilherme 2005?).
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Streptococcal and host antigen cross-reactive antibodies facilitate heart tissue infiltration by T-
lymphocytes. Activation of CD4" T-cells which are believed to be the major effectors of heart
tissue lesions is triggered by the presentation of streptococcal antigens, mainly, via HLA class Il
molecules leading to a degenerate pattern of antigen recognition between streptococcal antigens
and autoantigens (Guilherme 2005% Guilherme 2007). T-cells are therefore able to recognize
Streptococcal M5 protein peptides and produce various inflammatory cytokines such as TNF-a,
IFN-y, IL-10, IL-4 which could be responsible for progressive fibrotic valvular lesions (Chopra
2007).

The recognition of bacterial and/or human-antigens depends on antigen presentation by antigen-
presenting cells (APCs), such as macrophages, dendritic cells, and B-lymphocytes, in the context
of MHC class I or Il to T-cells via T-cell receptor. Recognition of human-proteins by other cells
is mediated by the mechanism of “epitope spreading,” in which an initial immune response
against a determined pathogen generates broad diversity recognition of human-antigens that
triggers an amplification and diversification of the autoimmune response (Lehmann 1992).

The activation of CD4" T-cells is triggered by the presentation of streptococcal antigens, mainly,
via HLA class Il molecules. However, pathogen epitopes that present structural or sequential
similarity to human-epitopes might activate autoreactive T-lymphocytes that have escaped
immune tolerance by the molecular mimicry mechanism also activating B-cells that will produce
pathogen and human-antigen-specific antibodies (Guilherme 2009).

Antigen-activated CD4" T-cells polarize to Thl or Th2 or Th17 subsets, the three subsets of T-
helper (Th) cytokines currently described, depending on the cytokine secreted. Once activated,
T- cells secrete cytokines that activate autoreactive B-cells. Polarization of the immune response
towards either B- or T- cells results in different manifestations of the disease, such as arthritis,
Sydenham's chorea, and carditis. Thl are involved with the cellular immune response and
produce IL-2, IFNy, and TNF-a. Th2 cells mediate humoral and allergic immune responses and
produce IL-4, IL-5, and IL-13. Th17 cells have recently been identified as a new lineage of
effector Th cells, with an important role in host defense against infections by recruiting
neutrophils and macrophages to infected tissues (Stanevicha 2003) showing a type of
proinflammatory response mediated by IL-17 with the differentiator factors being cytokines

TGF-RB, IL-6, and IL-23 (Guilherme 2009).
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It is suggested that cell-mediated immunity within the heart is responsible for the resulting
cardiac damage (Stollerman 2001, Guilherme 2009) as there is presence of heart-reactive
antibodies in the serum of patients with RHD and deposition of such antibodies in the
myocardium, which emphasises the importance of humoral immunity. Therefore, it is believed
that antigenic mimicry or cross-reactivity between streptococcal antigens and cardiac
autoantigens may initiate the autoimmune response resulting in cardiovascular damage.

The description of intralesional T-cell reactivity demonstrates the role of CD4" T-cells as
effectors of the autoimmune lesions and how these cells expand when driven by streptococcal
cross-reactive heart tissue suggesting their role as major effectors of autoimmune reactions in the
heart tissue in RHD patients. Therefore, the pattern of cytokine production in the heart lesions
favors a Thl-mediated disease.

1.5.2.1 Cytokines

Cytokines are important secondary signals following an infection as they trigger effective
immune responses and deleterious responses in autoimmune disease. Streptococcal throat
infection triggers an inflammatory reaction that involves several proinflammatory cytokines,
such as IL-1, IL-6, and TNF-o (Hackett 1992, Kotb 1993, Tomai 1990, Ramasawmy.
unpublished observations). Cytokines appear to play a crucial role in triggering
immunologic and inflammatory reactions in RF. Moreover, IL-6 and TNF-a are well-known
inducers of acute phase reactants and show significant correlation with the CRP and ESR. (Yegin
1997) The presence of these cytokines shown in peripheral blood of acute RF and active RHD
patients (Yegin 1997, Miller 1989, Morris 1993, Narin 1995, Samsonov 1995) as well as
valvular tissue suggests a major role for inflammatory cytokines in mediating heart lesions in
RHD, however, their definite role as major damage mediators have not been cleared yet
(Guilherme 2009).

The cytokine pattern produced by Th cells in response to defined antigens is crucial to drive the
humoral or cellular immune responses. In addition, the concept of pathological or physiological
autoimmune reactions depends on the cytokine produced in response to the autoantigens that are
being recognized by T-cells. The different manifestations of RF involve particular autoantigens

as targets of pathological autoimmunity (Stollerman 1988). Arthritis, chorea and mild RHD are
42

Rheumatic Heart Disease in Egypt



Chapter 1 Introduction

in part due to a pathological autoimmune reaction probably mediated by Th2-type cytokines,
leading to an exacerbated humoral response, as reported in several studies (Cunningham 2000).
On the other hand, carditis, valvulitis and severe RHD are mediated mainly by T-lymphocytes
(Guilherme 2001, Guilherme 1995, Guilherme 2007, Raizada 1983, Kemeny 1989).

Increased plasma levels of IL-1, IL-6, and TNF-a in patients with heart failure (Matsumori 1994,
Mann 2001, Lane 1992, Smith 1992) and significant changes in serum values of IL-6 and TNF-a
in the acute phase of RF have been reported (Miller 1989). Furthermore, the TNFa levels have
also been shown to correlate with the IL-6 levels (Yegin 1997). It has therefore been suggested
that estimation of IL-1a in carditis and IL-6 in arthritis may be helpful as minor criteria for
diagnosis and follow-up of rheumatic activity, and advised therapy for rheumatic carditis with
anticytokines such as anti-IL-1a and anti-TNF-o immediately after diagnosis to prevent or

reduce valvular damage (Hafez 2001).

Interleukin-1 (IL-1)

IL-18 is predominantly expressed by monocytes while IL-1o is mainly expressed by
keratinocytes. However, IL-1 is also produced by activated macrophages from different sources
and by peripheral neutrophil granulocytes, T- and B-cells. The main biological activity of IL-1
is the stimulation of T-helper cells, which are induced to secrete IL-2 and to express IL-2
receptors. IL-1 acts directly on B-cells, promoting their proliferation and the synthesis of
immunoglobulins and functions as one of the priming factors that makes B-cells responsive to
IL-5 and by enhancing the expression of adhesion molecules IL-1 promotes the adhesion of
neutrophils, monocytes, T-cells, and B-cells. In combination with other cytokines IL-1 is an
important mediator of inflammatory reactions as it markedly enhances the metabolism of
arachidonic acid (in particular of prostacyclin and PGE2) in inflammatory cells such as
fibroblasts, synovial cells, chondrocytes, endothelial cells, hepatocytes, and osteoclasts.
Furthermore, IL-1 is also a strong chemoattractant for leukocytes and activates oxidative
metabolism in neutrophils. Apart from its clinical significance as a stimulator of T-cells, IL-1 has
been shown to also promote wound healing, which is thought to involve effects on angiogenesis,

the promotion of proliferation of fibroblasts, and the chemotactic activity on neutrophils.
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IL-1 is reported to increase during active rheumatic carditis and significantly elevated amounts
of IL-1a as well as IL-1b (Yegin 1997) have been found in ARF and active RHD patients
(Morris 1993) persisting for up to 48 weeks (Miller 1989).

Interleukin-2 (IL-2)

IL-2 is produced mainly by T-cells expressing the surface antigen CD4". IL-2 causes and
stimulates the proliferation of T-cells and is a growth factor for all subpopulations of T-
lymphocytes being an antigen-unspecific proliferation factor for T-cells that induces cell cycle
progression in resting cells and thus allowing clonal expansion of activated T-lymphocytes.

IL-2 also promotes the proliferation of activated B-cells in the presence of additional factors, for
example, IL-4. Due to its effects on T-cells and B-cells IL-2 is a central regulator of immune
responses and plays a role in anti-inflammatory reactions, hematopoiesis and tumor surveillance.
IL-2 stimulates the synthesis of IFN-y in peripheral leukocytes and also induces the secretion of
IL-1, TNF-o and TNF-B. Increased production of IL-2 during ARF and in patients with active
RHD correlating with the numbers of CD4" and CD25" cells on the periphery (Yegin 1997) has
been reported (Morris 1993).

Interleukin-4 (IL-4)

IL-4 is produced mainly by a subpopulation of activated Th2 cells which are the biologically
most active helper cells for B-cells and also secrete IL-5 and IL-6. However, a lesser extent of
IL-4 is also produced by Thl cells.

IL-4 promotes the proliferation and differentiation of activated B-cells, the expression of MHC
class 2 antigens and low affinity IgE receptors in resting B-cells, also enhancing expression of
MHC class 2 antigens on B-cells and promoting their capacity to respond to other B-cell stimuli
and present antigens for T-cells. This promotes the clonal expansion of specific B-cells enabling
the immune system to respond to very low concentrations of antigens. Furthermore, IL-4
stimulates the proliferation of thymocytes with the marker spectrum CD4 CD8", CD4", CD8". In
CD4" cells IL-4 induces the expression of CD8".

IL-4 may be of clinical importance in the treatment of inflammatory diseases and autoimmune

diseases since it inhibits the production of inflammatory cytokines such as IL-1, IL-6 and TNF-a
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by monocytes and of TNF by T-cells. The lack of IL-4, a regulatory cytokine, in the valvular
tissue is involved in the progression and permanence of RHD lesions. In addition, the lack of IL-
4 is believed to perpetuate and/or exacerbate the production of the inflammatory cytokines TNF-
o and IFN-y (Guilherme 2005°).

Interleukin-6 (IL-6)

IL-6 is produced by many different cell types, mainly monocytes, fibroblasts, endothelial cells,
macrophages, T-cells and B-lymphocytes. Physiological stimuli for the synthesis of IL-6
includes IL-1, bacterial endotoxins, TNF while IL-6 can also stimulate or inhibits its own
synthesis, depending upon the cell type. IL-6 is a pleiotropic cytokine influencing antigen-
specific immune responses and inflammatory reactions and is one of the major physiological
mediators of acute phase reaction and also a B-cell differentiation factor and an activation factor
for T-cells. In the presence of IL-2, IL-6 induces the differentiation of mature and immature T-
cells into cytotoxic T-cells. IL-6 also induces the proliferation of thymocytes and probably plays
a role in the development of thymic T-cells and is capable of inducing the final maturation of B-
cells into immunoglobulin-secreting plasma cells if the cells have been pre-activated by IL-4 and
stimulates the secretion of antibodies in B-cells.

Interleukin-8 (IL-8)

IL-8 is produced by stimulated monocytes, macrophages, fibroblasts and endothelial cells. In
many cell types the synthesis of IL-8 is strongly stimulated by IL-1 and TNF-a while interferon
IFN-y can function as a costimulator. 1L-8 differs from all other cytokines in its ability to
specifically activate neutrophil granulocytes and causes a transient increase in cytosolic calcium
levels in neutrophils and the release of enzymes from granules it also affects B-cells directly
through a specific mechanism that is different from IFN-y and IFN-o. IL-8 may be a marker of
different inflammatory processes and is an important inflammatory cytokine in activation of
chemotaxis and the accumulation of leucocytes into the inflammation site (Endo 1991, Seitz

1991, Whicher 1990).
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Significant elevations of IL-8 have been observed in the plasma of RHD patients with cardiac

failure which suggests that IL-8 might have a role in the pathogenesis of RF (Yegin 1997).

Interleukin-10 (IL-10)

IL-10 is produced by activated CD8" peripheral blood T-cells, by T-helper CD4" T-cell clones
(resembling ThO, Th1, and Th2) after both antigen-specific and polyclonal activation, by B-cell
lymphomas and monocytes following cell activation by bacterial lipopolysaccharides and mast
cells. The synthesis of IL-10 by monocytes is inhibited by IL-4 and 1L-10.

IL-10 inhibits the synthesis of a number of cytokines such as IFN-y, IL-2 and TNF-B in Thl T-
helper subpopulations of T-cells but not of Th2 T-helper cells which can be antagonized by IL-4.
The inhibitory effect on IFN-y production is indirect and appears to be the result of a suppression
of 1L-12 synthesis by accessory cells. IL-10 is produced by, and downregulates the function of,
Th1 and Th2 cells. In macrophages stimulated by bacterial lipopolysaccharides IL-10 inhibits the
synthesis of IL-1, IL-6 and TNF-a. It also leads to an inhibition of antigen presentation. In
human monocytes IFN-y and IL-10 antagonize each other's production and function. IL-10 has
also been shown to be a physiologic antagonist of IL-12 and reduce the production of IFN-y and
IL-2. IL-10 appears to be responsible for most or all of the ability of the conditioned medium of
Th2 T-helper cells to inhibit cytokine synthesis by Thl cells and acts as a costimulator of the
proliferation of mast cells (in the presence of IL-3 and/or IL-4) and peripheral lymphocytes.
IL-10 is also a costimulator for the growth of mature and immature thymocytes (together with
IL-2, IL-4 and IL7) and functions as a cytotoxic T-cell differentiation factor, promoting a higher
number of IL-2 activated precursors of cytotoxic T-lymphocytes to proliferate and differentiate
into cytotoxic effector cells. IL-10 sustains viability of B-cells and also stimulates B-cells and
promotes their differentiation. It enhances the expression of MHC class 2 antigens on B-cells
whereas it inhibits MHC class 2 expression on monocytes. In B-cells activated via their antigen
receptors or via CD40, IL-10 induces the secretion of 1gG, IgA and IgM. This effect is
synergised by IL-4 while the synthesis of immunoglobulins induced by IL-10 is antagonized by

TGF-p. Furthermore, the activation of macrophages can be prevented by IL-10.

Interleukin-12 (IL-12)
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It is produced mainly by B-cells and to a lesser extent by T-cells and is secreted by peripheral
lymphocytes after induction. The most powerful inducers of IL-12 are bacteria, bacterial
products, and parasites. 1L-12 stimulates the proliferation of human lymphoblasts following cell
activation by phytohemagglutinin and activates CD56" NK-cells, being blocked by antibodies
specific for TNF-a.

In peripheral lymphocytes of the Thl T-helper cell type 1L-12 induces the synthesis of IFN-y and
IL-2, and TNF. TNF-a also appears to be involved in mediating the effects of IL-12 on natural
killer cells since the effects of IL-12 are inhibited by an antibody directed against TNF-a. I1L-12
and TNF-a are costimulators for IFN-y production with IL-12 maximizing the IFN-y response
and the production of IL-12, TNF, and IFN-y is inhibited by IL-10. In Th2 T-helper cells 1L-12
reduces the synthesis of IL-4, IL-5, and 1L-10.

IL-12 synergises with suboptimal amounts of IL-2 in promoting the proliferation of mononuclear
cells in the peripheral blood and in promoting the generation of LAK cells (lymphokine activated
killer cells). However, picomolar concentrations of IL-12 are as effective as nanomolar
concentrations of IL-2 in augmenting the cytolytic activity of natural killer cells expanded in
vivo by IL-2.

TNF-a

TNF is secreted by macrophages, monocytes, neutrophils, T-cells, NK-cells following their
stimulation by bacterial lipopolysaccharides. Cells expressing CD4" secrete TNF-o. while CD8"
cells secrete little or no TNF-a. The synthesis of TNF-a is induced by many different stimuli
including interferons (IFN), IL-2, Immune complexes and PAF (platelet activating factor) and
the production is inhibited by IL-6, TGF-p.

TNF-a enhances phagocytosis and cytotoxicity in neutrophilic granulocytes and also modulates
the expression of many other proteins, including IL-1 and IL-6. In combination with IL-1, TNF-o
is responsible for many alterations of the endothelium. TNF-a also inhibits anticoagulatory
mechanisms and promotes thrombotic processes and therefore plays an important role in
pathological processes such as venous thromboses, arteriosclerosis, vasculitis, and disseminated

intravasal coagulation.
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IL-6 suppresses the synthesis of IL-1 induced by bacterial endotoxins and TNF, and the synthesis
of TNF induced by endotoxins. TNF mediates part of the cell mediated immunity against
obligate and facultative bacteria and parasites. However, although TNF-a is required also for
normal immune responses the overexpression has severe pathological consequences.

Elevation of TNFa levels may have important pathophysiological and clinical implications
and the possible relation between cardiac contractility and circulating level of TNFa has been
pointed. Furthermore, it has been shown that TNFa and other cytokines inhibit the contractility
of cultured cardiac myocytes (Gulick 1989, Hasenpud 1989, Weisensee 1993) It has been
suggested that TNF-o could be responsible for the development and progression of heart failure
and that the production of TNF-a could be the result of immune response activation because of
tissue injury, stress, or underperfusion of systemic circulation, but could also be locally produced
by myocytes. It has also been shown that patients with chronic mitral valve regurgitation present
high production of TNF-a in the plasma and increased expression in the myocardium, which
suggests that TNF-a plays a role in the remodeling of left ventricular volume (Kevasan 1997,
Kapadia 1998, Herrera-Garza 1999, Dibbs 1999).

RF and RHD patients present increased levels of TNF-o (Narin 1995, Samsonov 1995, Yegin
1997, Taneja 1989, Olmez 1993, Hernandez-Pacheco 2003, Miller 1989, Morris 1993) and TNF-
a is apparently one of the cytokines with an active and prominent role in the pathogenesis of the
rheumatic process the initiation of multisystemic inflammatory response in RF and pathogenesis
of RHD. TNFa may therefore, be the major cytokine in RF leading to IL-6 and IL-8 production
(Yegin 1997).

1.5.3 Cellular and humoral response in valvular tissue

Heart biopsies exhibit cellular infiltration with a predominance of CD4" T-cells (Guilherme
1995) with the highest number of both CD4" and CD8" T-cells in patients that present rheumatic
activity (Guilherme 2001). It seems that during the acute episode there are expansions of auto
reactive T-cells in the heart and after the acute episode these auto reactive T-cells decrease in
numbers but remain important to maintain the heart lesions (Sampaio 2007). Inflammatory

infiltrates may be sparse and patchy in the chronic lesions, but are usually dense in the acute
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phase of the disease. In RHD the main finding is dense valvular inflammatory infiltrates
characterized mainly as CD4" T-cells and macrophages at the site of heart lesions.

Intralesional CD4" T-cell clones from surgical fragments of severe RHD patients’ crossreact
with immunodominant M5 peptides and heart tissue proteins which indicates the existence of T-
cell molecular mimicry between streptococci and heart tissues relevant in the pathogenesis of
RHD. Apparently, adhesion molecules such as VCAM-1 facilitate the extravasation of CD4" and
CD8" T-cells into the valves, after being up-regulated on the vascular endothelium of the mitral
valve of ARF patients (Guilherme 2004, Roberts 2001, Guilherme 2004, Roberts 2001). The
concomitant presence of fibrin deposits as verrucae on the endocardial surface implies that there
is rheumatic activity (Sampaio 2007). The differential cytokine polarization in the heart in RHD
is probably related to immigrant autoreactive T-cells, local chemokines produced by
inflammatory cells and adhesion molecules (Guilherme 2004).

Mononuclear cells from heart lesions predominantly secrete inflammatory cytokines IFNy and
TNF-a, Thl-type cytokines such as the regulatory cytokine IL-10, in both acute RF and chronic
RHD patients. This indicates that, even during the chronic phase, these mononuclear cells still
produce inflammatory cytokines. Usually, there is a sparse production of IL-4 by valve-
infiltrating cells and large numbers of IL-4 positive cells which suggests that low numbers of IL-
4 producing cells in the valvular tissue and the lack of IL-4, a regulatory cytokine, may
contribute to the induction of progression and maintenance of valvular RHD lesions. In addition,
the lack of IL-4 probably perpetuates and/or exacerbates the production of inflammatory
cytokines such as TNF-a and IFN-y which are believed to be the mediators of valve lesions
and the presence of few mononuclear cells (Guilherme 2007). Furthermore, the production of
IL-1, IL-2 and TNF-a was correlated with the progression of the Aschoff nodules in the valve
lesions of ARF patients (Kemeny 1989).

These observations show the involvement of different mononuclear and cytokine producing cells
in the myocardium and valves reinforcing the putative role of regulatory and inflammatory
cytokines in myocardium healing in RHD and in the induction of progressive and permanent
valve damage (Guilherme 2004, Guilherme 20052, Guilherme 2007, Guilherme 2009). Whether

the initial valvular insult is due to antibody or cell-mediated immunological damage is uncertain,
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but the subsequent damage seems to be caused by T-cell and macrophage infiltration
(Cunningham 2003, Roberts 2001, Guilherme 2004, Guilherme 2009).

1.5.4 Valvular architecture

The valve cusps are three-layered structures consisting of a ventricularis/atrialis, spongiosa, and
fibrosa and composed of differing amounts of primarily collagen, elastin, and a
glycosaminoglycan-rich ground substance, representing about 60, 10 and 20% of the dry weight
of the valve, respectively (Kunzelman 1993). However, little quantitative information is
available on the amount, location, orientation, and overall structure of these constituents in the
three layers (Scott 1995).

RHD valves have shown altered architecture and histology, including fibrosis, calcification and
neovascularization (Sampaio 2007) as well as changes in the collagen, elastin and
glycosaminoglycans (GAGs) distribution and localization, which seem to lead to distortion of
valve function and mechanics (Guilherme 2009, Sampaio 2007).

Valvulitis and endocarditis have been observed in excised RHD valves. The disease
predominantly affects the valvular endocardium culminating in crippling valve deformities and
the valves show various degrees of calcification, which is a sign of chronic valvular involvement.
Interestingly, recent histopathological and clinical studies indicate that calcification is not merely
an inactive, "dystrophic” process but involves a active and highly regulated inflammatory
process associated with expression of osteoblast markers and neoangiogenesis (Messika-Zeitoun
2004). Furthermore, increased plasma osteopontin levels correlated with severity of mitral valve
calcification (Chopra 2007). Importantly, deposition of calcium phosphate on the delicate
valvular structures can lead to cumulative damage and result in valvular dysfunction and stenosis
(Atar 2003). Features like fibrosis and neovascularization are observed in most of the valves,
indicating that the valve has gone through previous episodes of rheumatic activity and usually,
the degree of fibrosis is also proportional to the number of acute episodes (Sampaio 2007).
Importantly, molecular mimicry between streptococcal and human antigens causes inflammation
that leads to neo-vascularization, which enables further recruitment of T-cells, leading to
granulomatous inflammation and the establishment of chronic RHD while repeated episodes of

RF lead to further inflammatory damage and subsequent scarring of cardiac valves (Veasy 1997).
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Elastin structures are found to contribute significantly to the mechanical function of the valve
cusps (Vesely 1998) and damage to the elastin network of the cusps alters the valvular
mechanics, subjects the tissue to abnormal loading conditions and accelerates mechanical
degeneration. This is due the fact that damage to elastin in aortic valves leads to a passive
elongation of the tissue, a reduction in extensibility, and an increase in stiffness.

Fragmentation of elastin and reconformation of collagen fibers may also have additional effects
on this mechanism (Viidik 1982). It is also speculated that the permanent elongation of the valve
cusps and their decreased extensibility results partly from the slippage of collagen fibrils and
partly from the mechanical interaction between elastin and collagen. It is therefore believed that
the initial response to mechanical loading is mainly due to elastin, while the final stiffness is
defined by collagen.

Elastin structures impose tensile forces on collagen fibers during valve unloading and the
dominant restorative force when the ventricularis is stretched in the radial direction is the tension
produced by elastin as the collagen takes over the load and limits further extension as it relatively
inextensible. Furthermore, the fibrosa passively relies on the ventricularis to pull it back, through
the collagen mechanisms into its folded shape. Furthermore, valvular elastin also likely acts as a
‘housekeeper’ that restores the collagen fibre geometry back to its original conformation between
successive loading cycles, and is therefore critical to proper valve function (Vesely 1998).

The function of elastin is highly dependent on its configuration and relative content in the given
material, however elastin content alone does not dictate mechanics, important is its organization
relative to collagen.

As the mechanics of the whole ventricularis is not identical in the radial and circumferential
directions, it is suggested that the amount of collagen or the types of connections between the
elastin and collagen structures are responsible for this anisotropy and not only the mechanics of
the elastin itself. Importantly, increase in mature elastic fibers has been found with age
(McDonald 2002, Bashey 1967), particularly between the second and fifth decades of human life
(Sell 1965) and in pathological valves (Imayama 1989). Therefore, distortion of valve function
and mechanics seems to be an interaction between elastin and collagen conditions and changes.
The collagen component is predominantly type | and Il (74% and 24%, respectively) and

collagen fibre bundles appear to be surrounded by elastin fibrils (Kunzelman 1993) which are
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much thinner than collagen fibrils and arranged in a branching pattern (Stevens and Lowe 1997).
Collagen 1 is found predominantly in the ventricularis while collagen 111 can normally be found
in the fibrosa.

Glycosaminoglycans (GAGs) form a highly hydrated gel-like ground substance in which other
matrix molecules are located (Kunzelman 1993) and are therefore critical to the function of
numerous soft connective tissues, including heart valves, providing material properties such as
viscoelasticity, resistance to compression and tension (Kinsella 2004, Rothenburger 2002).
GAGs also play crucial roles in tissue differentiation, growth factor regulation and various
pathologies (Rothenburger 2002) including many heart valve diseases. Furthermore, recent
evidence also suggests that GAG’s may act as a key component in the development of calcific
AV disease (Grande-Allen 2007) and the loss of the GAG-rich spongiosa layer, which normally
provides shear between the outer valve layers and thus enables complex valve leaflet movement
(Vesely 2004), is known to be instrumental in the failure of porcine bioprosthetic aortic valves.
Valvular GAGs are complex in their composition and distribution and change throughout
development and aging, when the heart valves experience significant changes in mechanical
loading and tissue differentiation. However, the composition of GAGs is different between layers
and varies regionally based on the type of mechanical loading experienced by these tissues,
(Grande-Allen 2004) showing abundance in the spongiosa of the aortic valve. Importantly,
regions experiencing tension containe fewer GAG overall, compared to regions experiencing
compression. Meanwhile, human valves also demonstrate age-associated decrease in total GAGs,
unique to specific histological layers as well as associated with differences in mechanical
loading (Stephens 2008).

1.5.5 Structural and biochemical imaging techniques

Raman spectroscopy

It has been demonstrated that optical spectroscopy techniques, such as reflectance,
fluorescence, infrared absorption, and Raman scattering can provide information about
tissue composition at the molecular level (Lucas 1996, Buschman 2000, Hanlon 2000). MRI may
allow the discrimination of large lipid pools, calcifications, and fibrous caps in atheromatous

plagues but cannot quantify the chemical composition (Toussaint 1996). Therefore, of these
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techniques, Raman spectroscopy shows great promise to provide valuable biochemical
information for nondestructive diagnosis of cardiovascular disorders (Buschman 2000, Hanlon
2000). Raman spectroscopy of tissue yields more information about chemical composition
because the Raman spectra of biological compounds are unique (Brennan 1994, 1995, 1995
1997, 19972).

Raman scattering is an inelastic process that occurs when a sample is illuminated with a
monochromatic light source, such as a laser beam. In this process, energy from the incident
photons is transferred to the sample’s molecules, exciting them to high vibrational modes.
Scattered photons have lower frequency than the incident ones due to the energy that is lost in
the scattering process. This radiation frequency shift corresponds to the difference in molecular
vibrational frequencies of the sample (Hanlon 2000). Raman spectra of tissues show narrow and
well-resolved bands with line width of 10-20 cm™, revealing the presence of many biochemical
molecules (Lucas 1996). The relative contribution of these biochemical molecules for the
tissue Raman spectrum is proportional to their concentration in the tissue, which is the basis for
the diagnostic data acquired by the Raman spectra (Buschman 2000). Among the many types of
biomedical investigation made possible by Raman spectroscopy cardiac valves are among the
most important diagnostic applications (Otero 2004).

Raman spectroscopy has shown to be a promising technique to characterize the chemical
compounds found in biological tissues, allowing the identification of compounds in different
states, and giving information about the molecular geometry from the analysis of the vibrational
spectra (Elbagerma 2010). The use of Raman spectroscopy as a diagnostic tool for pathological
alterations is based on the uniqueness of the Raman spectrum of a given molecule (Raman 1928,
Manoharan 1996, Frank 1995, Lawson 1997). Using sensitive laboratory equipment, Raman
spectra can be obtained in less than a second and most spectral features are visible in spectra
collected in only a few seconds via optical fiber catheters (Brennan 1997).

Considerable advantages result from the fact that Raman spectroscopy is a fast and non-
destructive technique and that spectra can be recorded directly from specimens even in an
aqueous environment (De Beer 2004) providing quantitative information about the chemical
composition (Baraga 1992). Furthermore, it has been shown that Raman spectroscopy can be

used to quantify the relative amounts of protein, cholesterol, adventitial fat, and calcium salts
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(Brennan 1997%). Spectroscopic methods for determination of stability constants have the
advantages of sensitivity and reliability and are suitable for determination of stability constants
in solution under different experimental conditions (Elbagerma 2010).

Atomic force microscopy (AFM) enables structural studies revealing nanometer-scale details of
biological objects and when working in the contact mode in air is a useful tool for imaging
surfaces of human heart valves at the supramolecular level. AFM images have revealed different
local architecture of collagen fibrils on the valve surface showing areas with entirely different
spatial organization of the collagen fibril bundles. This included zones with multidirectional,
stacked collagen fibrils, as well as areas with regular dense packing of thin collagen fibrils. It
was also found that different forms of fibril packing had an impact on the collagen D-spacing
distance. The ventricularis layer, which is abundant in elastin, and fibrosa layer was recognized
spectroscopically to contain mostly collagen. Moreover, carbohydrates, which are the main
components of GAGs, and minerals deposits (hydroxyapatites) were also detected. Therefore, it
has been shown that AFM imaging in the contact mode and FT-IR spectroscopy are suitable
methods for structural characterization of heart valves at the molecular and supramolecular levels
(Jastrzebska 2006).

1.6 Streptococcal pathogenesis

RF was believed to be caused by repeated infections with GAS (Figure 1.4) but recent studies
suggest streptococci of group C and G are also linked to its pathogenesis (Dinkla 2007).
Streptococci are able to adhere to and colonize (Neeman 1998) skin, oralnasal mucosa, and
tonsils (McMillan 2004, Cunningham 2000) and are able to disseminate to other organs (Bisno
2005). Tissue invasion can lead to local suppurative complications or systemic infections
(Cunningham 2000).

Streptococci manipulate innate immune defences at several levels and virulent streptococci
down-regulate inflammation and restrict activation of the alternative complement system, which
is critical to the phagocytosis and killing of GAS by the nonimmune host. Surface-associated

C5a peptidase and M proteins inhibit detection and phagocytosis by polymorphonuclear
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leukocytes (PMNs), by specific destruction of the early complement chemotaxin, C5a, and then
by M protein-restricted deposition of C3b opsonin (Wang 2000).

Streptococcal strains express multiple adhesins, such as lipoteichoic acid, M protein, and
fibronectin binding proteins (Cunningham 2000, Bisno 2003). These adhesins, of which M
protein, fibronectin binding protein Sfb1/PrtF, and fibronectin binding protein 54 (FBP54) have
been shown to promote efficient intracellular invasion of mammalian cells (Wang 2000).
Meanwhile, immunity to GAS is mediated by antibodies to the M protein, which exists as a

coiled-coil protein on the surface of the bacteria.

Figure 1.4 Group A streptococci

1.6.1 GAS

The classification of Group A streptococci (GAS) into specific types based on the type of M
protein has been vital for the understanding of the epidemiology of streptococcal disease (Sheree
1994). The M protein was believed to be the major virulence determinant of the GAS organisms
(Pruksakorn 1994) and also the major protective antigen (Lei 2004) as it enables streptococci to
resist phagocytosis (Kotb 2002) by binding factor H, thus regulating complement deposition and
preventing C3b-dependent phagocytosis.

The M protein is an a-helical coiled-coil protein (Carapetis 2005%) and consists of a variable

nonrepeated amino terminal region, which contains determinants of type-specificity defining the
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GAS serotype, and a highly conserved carboxy terminal C-repeat region, common in different
serotypes. Antibodies directed against the type specific M protein epitopes neutralise the
antiphagocytic property of M protein rendering cells susceptible to phagocytosis (Sheree 1994),
by opsonizing streptococci in the presence of neutrophils. However, this antibody response is
directed against the hyper-variable amino terminal region of the strepotococcal M protein, being
thus type-specific (Robinson 1992, Malmanche 1994) and protecting only against GAS
organisms of the same M serotype. Therefore, protective immunity to GAS has been associated
with type specific opsonic antibodies against M protein (Sheree 1994). However, serum
bactericidal antibodies targeting the streptococci M protein appear following natural infection of
humans and are associated with protection against subsequent infection with the same serotype
persisting for as long as 30 years following infection.

1.6.1.1 Variety of M-types

There are over 150 known different M protein types (Kehoe 1991, Beall 1995, Sheree 1994,
Facklam 2002), and only a single type is expressed by each strain. The type specificity of each
M protein is largely determined by the epitopes located in the amino-terminal 40 to 50 amino acid
residues (Beall 1995) being the amino acid sequence of the amino terminus in the M protein
responsible for the serotype of the organism (Kehoe 1991). Diversity in the emm sequence is
generated by corrected frameshift mutations, point mutations, and small in-frame mutations.
Therefore, variations in emm gene sequences occur and result in amino acid substitutions or
insertion of short sequences within the N-terminal, the hypervariable segments of the M proteins.
The high variability of the N-terminal region of the M protein between different streptococcal
strains has lead to the presence of different streptococcal serotypes with a number of serotypes
being much more common than others within a population, varying between distinct geographic
locations leading to geographic variations among streptococcal strains (Carapetis 2000).
Nevertheless, some strains are also believed to be more likely to cause RF than others (Carapetis
2005%) suggesting a particular rheumatogenic potential of certain strains of GAS.
Rheumatogenicity was considered a feature only of strains belonging to certain M serotypes,

however results of several studies indicate no definitive association between group A
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streptococcus emm sequence, class, or pattern group, and site of infection or ability to cause
disease (Carapetis 2005%). Although amino-terminal M protein epitopes from common reference
strains of GAS have been identified, protective epitopes from GAS strains prevalent within a
GAS-endemic region remain unknown. Thus, the issue of potential and specific rheumatogenic
strains remains unresolved (Stollerman 2001) as virulence and molecular differences between

strains are not clear (Stollerman 2001).

M protein amino (N)-terminus

Phagocytic killing of GAS is promoted by antibodies targeting the amino (N)-terminus of the M
protein, which also forms the basis for GAS serotyping. The amino terminus of the M protein is
highly variable between the GAS serotypes and frequently undergoes genetic recombination of
the amino sequence which gives rise to subtypes, and can lead to loss in opsonizing ability of
type-specific antibodies. Antibodies to the amino terminus of the M protein are opsonic and

provide protection against challenge from homologous organisms and are therefore type specific.

M protein carboxyl (C)-terminus

The M protein carboxyl (C)-terminus contains the so-called “C-repeats”. These C-repeats are
highly conserved epitopes among GAS serotypes, located at the proximal end of the M-protein
(Pichichero 2004). It has been shown that epitopes within the C-repeat region of M proteins
evoke antibodies that cross-opsonize many serotypes of streptococci and also opsonic antibodies

specific to the C-region have been demonstrated in humans.

1.6.2 Group C streptococci (GCS) and group G streptococci (GGS)

Group C (GCS) and group G (GGS) are considered as important veterinary pathogens but are
also involved in human infections and in geographical areas with a high incidence of RF there is
a widespread carriage of these streptococcal groups (Haidan 2000, McDonald 2006, Ahmed
2003, Baracco, 2006). Their spectrum of diseases is very similar to the one of GAS, comprising
pharyngitis, skin and soft tissue infections as well as bacteremia and streptococcal toxic shock

syndrome (Baracco 2006) and some strains have the potential to induce autoimmunity against
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cardiac myosin, suggesting contribution to the pathogenesis of RF/RHD (Haidan 2000). This
might partially explain the high incidence of RF while pharyngeal isolation of GAS is rare.

1.6.3 Streptococcal PARF peptide and human collagen 1V

It has been shown that rheumatogenic GAS strains are able to bind and aggregate human
collagen. One mechanism applied by streptococcal strains capable of causing acute rheumatic
fever is formation of an autoantigenic complex with human collagen IV (Dinkla 2003). The
recent hypothesis is that human collagen IV, a major component of subendothelial basement
membranes, acts as such an autoantigen after forming a complex with streptococcal strains,
which have a potential of causing ARF. In sera of RF patients such a collagen autoimmune
response was accompanied by specific reactivity against the collagen-binding proteins, linking
the observed effect to clinical cases.

Binding to collagen occurs through M protein or M18 hyaluronic acid capsule. This aggregation
of collagen leads to autoantigenicity, which in turn induces RF. The sera from ARF patients
shows significantly increased titers of anticollagen antibodies as compared with healthy controls.
An M-like protein, FOG, which was described as an adhesin (Nitsche, 2006) was identified as
the group G streptococcal surface protein that is capable of binding different members of the
collagen family thereby inducing the collagen autoimmune response. The low selectivity of FOG
within the collagen family suggests that the autoimmune response is not caused by collagen IV
only and other collagen types that interact with FOG may therefore be involved. Considering the
high similarity between collagens, it seems likely that the autoimmunity against collagen 1V at
least partially depends on cross-reactivity being part of a broader anti-collagen response.

Further analysis of streptococcal collagen interaction revealed that an octapeptide, AXYLZZLN,
designated PARF (peptide associated with rheumatic fever) in M proteins of rheumatogenic
strains is responsible for binding and aggregation of collagen. Direct binding of collagen to
streptococcal surface components is, therefore, considered as one of the key mechanisms for
induction of ARF (Figure 1.11). GGS and GCS, like GAS, have been shown to have a
rheumatogenic potential and have been reported to express M protein with PARF sequences. Just
like rheumatogenic GAS strains, they are capable of binding and aggregating collagen and

generating anticollagen antibodies, through the identified octapeptide motif PARF. Taken
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together, the data demonstrate that the identified octapeptide motif (PARF) plays a crucial role in
the pathogenesis of RF through its action on collagen, which makes it a promising candidate for
diagnosis of rheumatogenic streptococcal strains. Unfortunately, the mechanisms known today
are still not sufficient to fully explain the pathogenesis of RF.

Re-evaluations of existing data or new epidemiological studies, which take these findings into
account, may shed more light on regional characteristics of ARF pathogenesis and help to
identify and eradicate the causative bacteria and the value of PARF as a diagnostic marker for

the early detection of rheumatogenic strains (Dlnkla 2007)

Figure 1.5 Binding and aggregation of collagen IV on the GGS surface. Field emission scanning
electron micrograph of FOG-expressing strain G45 (A) and of a FOG-negative non-collagen
binding strain G50 (B), which were incubated with soluble collagen IV. Only the FOG-positive

strain shows massive aggregation of collagen on its surface. The bars correspond to 1 pum.
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2.1 Aims

Many aspects of RF and RHD have still not been clarified. Data on epidemiology and
geographical variety in clinical manifestation remain scarce with lack of systemic programs for
screening and early detection and no consensus about diagnostic criteria and management while
a high prevalence of the disease is suspected in different areas. The long-term outcome of
patients with RHD has not been established, and therefore, the persistence and development of
permanent valvular lesions is not known. Echocardiography is found to be the only approach
with sufficient sensitivity and specificity for the detection of RHD, however, there are no
universally agreed criteria and consensus of the echocardiographic signs of early RHD.

A major role for inflammatory cytokines has been suggested in mediating heart lesions in RHD
with cellular infiltration of predominance of CD4" T-cells, showing geographic variety in
immune response. However, the definite role of inflammatory cells as major damage mediators
and signs of immune activation have not been cleared yet.

The key mechanism used by streptococcal strain and which defines rheumatogenicity seems to
be the formation of a streptococcal autoantigenic complex with human collagen IV with binding
and aggregation to collagen through PARF, which has been suggested as a diagnostic marker for
the early detection of rheumatogenic strains and the diagnosis of RHD.

In addition, there are still gaps in the knowledge of the microbial, autoimmune and biochemical
processes corresponding to the structural and functional features in RF and RHD. Importantly,
better understanding of epidemiology, clinical characteristic and pathogenesis pathways of RF
and RHD may facilitate improvement of the management of the disease, long term outcome and

prognosis.

Therefore, we aim to:

-Determine the epidemiological and clinical characteristics of RF and RHD
-Perform in depth analysis of cellular and structural features in RF and RHD

-Atempt to define antigenic targets for evaluation and diagnosis of streptococcal infection
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2.2 Plan of investigation

RF and RHD are endemic in Egypt where data on prevalence, characteristics, immune response
and microbiology are lacking. Therefore, Egypt is a perfect setting for research and elucidation
of the factors and mechanisms surrounding RF and RHD. This study was developed to unveil

these factors in the Egyptian community.

DETERMINATION OF THE EPIDEMIOLOGICAL AND CLINICAL
CHARACTERISTICS OF RF AND RHD

In order to achieve this aim the following studies were performed:

School based screening for RHD

A cross-sectional screening was performed in a cohort of randomly selected school children in
Aswan, in whom auscultation followed by echocardiography was used to identify the presence,
characteristics and determinants of RHD. Aswan was chosen for this epidemiological study, as
the area hosts a relatively stable population, with generally low income, living in a less humid or
polluted environment, which has never been studied before regarding to this particular disease.
The assessment included a questionnaire containing questions regarding the patient’s
demographics, family environment, risk factors, history of RF and penicillin prophylaxis
developed to detect the epidemiologic factors and determinants of RF and RHD. Physical
examination included general analysis of the patients’ health, recognition of Jones criteria and
careful cardiac auscultation and detailed transthoracic echocardiography evolving a newly
developed protocol to define the characteristics of RHD and the role of echocardiography as a
screening tool. This study evolves a set of rigid echocardiographic criteria, designed to enhance
the specificity of the diagnosis of RHD to increase case detection rates and therefore the

treatment of individuals at risk, preventing the progression of valvular lesions.

Characterization of RF in a hospital based study in Egypt

A cohort of patients with history of RF and RHD assessed at the penicillin clinic and

cardiothoracic surgery department of the National Heart Institute (NHI), which is a major referral

heart center, serving the population of Cairo and surrounding areas with a big influx of patients
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from all over Egypt. A penicillin prophylaxis program of the Ministry of Health is based at the
NHI for patients that have been previously diagnosed with RF and prescribed penicillin
prophylaxis. This clinic is assessable to all patients in the area and receives patients from all over
Egypt by self referral. Therefore, the population visiting the NHI is thought to represent the
prevalence of the RF and RHD in the highly populated Northern part of Egypt.

The assessment included a questionnaire containing questions regarding the patient’s
demographics, family environment, risk factors, history of RF and penicillin prophylaxis
developed to detect the epidemiologic factors and determinants of RF and RHD. Physical
examination included general analysis of the patients’ health, recognition of Jones criteria and
careful cardiac auscultation.

This study focused on the epidemiological profile and clinical manifestation of RF in Egypt as

well as the use and compliance to secondary prevention and define the determinants of RHD.

Clinical characteristics and determinants of RHD in a hospital study in Egypt
The individuals screened at the NHI were assessed by detailed transthoracic echocardiography

evolving a newly developed protocol.

Diagnosis of RHD: The characteristics of RHD and the role of echocardiography as a screening
tool was defined. This study evolves a set of rigid echocardiographic criteria, designed to
enhance the specificity of the diagnosis of RHD to increase case detection rates and therefore

the treatment of individuals at risk, preventing the progression of valvular lesions.

Subclinical RHD in individuals with history of RF in Egypt: Subclinical RHD was determined in
individuals with history of RF presenting at the penicillin clinic of the NHI by echocardiography.

Echocardiographic characteristics of RHD: Echocardiographic data of individuals diagnosed
with RHD was analyzed for the determination of the echocardiographic characteristics.

Prognosis of RHD: The patients recruited in the penicillin clinic were reassessed 6 months after
the first consultation for the evaluation of the lesions, progression and/ or resolution of the
63

Rheumatic Heart Disease in Egypt



Chapter 2 Aims and Plan of Investigation

cardiac condition to analyze the reversibility of subclinical valvular lesions with adherence to
secondary prophylaxis regimens and determine the long-term outcome of patients with
subclinical RHD.

Determinants of RHD: The factors influencing the presence and characteristics of RHD were

analyzed in the cohort.

ANALYSIS OF CELLULAR AND STRUCTURAL FEATURES IN RF AND RHD

In order to achieve this aim the following studies were performed:

Immune mediators in RF and RHD
Blood samples and excised valve tissue material collected at the time of surgery from patients
requiring valve replacement from the individuals recruited at the NHI collection of samples were

analyzed for determination of the immune response in RF and RHD.

Haemal immune response in RF and RHD: Analysis of cellular features and the signs of immune
activation included determination of haemal inflammatory parameters as CBC, ESR, ASOT and CRP
and cytokine levels in the serum and valvular tissue. Serum and plasma were obtained and stored
for further analysis of the acute phase proteins, pro- and anti-inflammatory cytokines and signs of
immune activation to determine the molecular and cellular mechanisms

Valvular immune activation in RHD: The valves collected were analyzed by immunohistochemistry for
the presence and distribution of pro- and anti-inflammatory markers to determine the cellular
features of RHD and the role of regulatory cytokines in valvular damage.

Determinants of RF and RHD: The haemal and valvular immune activation and response were analyzed
to determine the immune mediators in RF and RHD. The influence of inflammatory and immune
parameters on valvular affection were analyzed to determine the mediators of valvular lesions in
RHD.

Structural characteristics of RHD
Excised valve tissue material collected at the time of surgery from patients requiring valve

replacement from the individuals recruited at the NHI collection of samples were analyzed by
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histology and immunohostochmistry to determine the structural and architectural features of

valvular damage related to RHD.

DEFINITION OF ANTIGENIC TARGETS FOR EVALUATION AND DIAGNOSIS OF
STREPTOCOCCAL INFECTION
A throat swab and venous blood were collected from the individuals recruited at the NHI.

Streptococcal strain responsible for RF in Egypt: The throat swab were streaked across a blood
agar plate for culturing of the organism and the hemolytic colonies identified were tested for
antibiotic sensitivity for the analysis of the effectiveness of antibiotic treatment and prophylaxis
in these cases. Cultures of throat swab material and serum samples were analyzed to identify the
particular strain of Streptococci responsible for RF/RHD in Egypt and its rheumatogenicity
through serotyping for the particular type of M protein as well as DNA studies of the genes

which encode these virulence factors (emm).

Atempt to determine the potential of PARF as a diagnostic marker: Collagen-binding assays
were performed for the evaluation and analysis of the binding between the octapeptide PARF
and collagen IV and the potential of PARF as a diagnostic marker for the early detection of

rheumatogenic strains and the diagnosis of RHD.
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2.2.1 Design of the investigations

Our research project included three main branches, namely community-based studies,

hospital-based research and laboratory work (Diagram 2.1).

(1) Community Work 1 (National Heart Institute — Cairo, Egypt)
Epidemiology studies
Prevalence study
Follow-up of participants in epidemiology and clinical studies
Establishment of a follow-up facility for patients with RF and RHD

(1) Community Work 2 (Aswan Heart Centre — Aswan, Egypt)
Training of local staff
Design and Installation of Research Facilities
Contribution to establishment and development of Aswan Heart Centre
Epidemiology studies
Prevalence study
Establishing cohort of school children
Follow-up of participants in epidemiology and clinical studies

Establishment of a follow-up facility for patients with RF and RHD
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(2) Clinical Research 1 (National Heart Institute — Cairo, Egypt)
Establishment of a Penicillin Prophylaxis Registry
Data collection
Clinical follow-up of patients

Blood and tissue collection and storage

(2) Clinical Research 2 (Aswan Heart Centre — Aswan, Egypt)
Organization and participation in surgical missions
Establishment of surgical registry
Pre- and post-operative management
Establishment of a RF and RHD registry
Data collection
Blood and tissue collection and storage

Clinical follow-up of patients

(3) Laboratory Studies (United Kingdom and Germany)

Performing the laboratory work
Diagram 2.1. Work undertaken by the investigator in the four main sites of research
2.2.2 Ethical considerations
Individuals were notified about the results of the tests and eventual need of any further treatment

or follow-up and were informed that they are free to withdraw from the study at any time without

giving any specific reasons.
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Figure 2.1 Cardiac surgery at the Aswan Heart Centre
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2.3 Layout
The work presented in this thesis has been divided in 11 chapters, starting with an introductory

chapter, followed by the current chapter describing the aims and plan of investigation.

Chapter 3 details of the design of research and the procedures used to implement the research

program, including the methods used in the different studies.

The school based screening for RHD is described in chapter 4, which involves large-scale
echocardiographic screening and determination of prevalence of RHD in Aswan including
description of the sampling method, issues related to preparation and implementation and the

results found.

Chapter 5 presents a study in a cohort of patients with history of RF and RHD assessed at the
penicillin clinic and cardiothoracic surgery department of the National Heart Institute (NHI) to
unveil the epidemiology of RF in Egypt focusing on the epidemiological profile and clinical
manifestation of RF as well as the use and compliance to secondary prevention and define the
determinants of RHD.

Chapter 6 describes the clinical characteristics and determinants of RHD patients with history of
RF in Egypt assessed by detailed transthoracic echocardiography evolving evaluation of a newly
developed protocol. The different parts of the chapter present the determination of subclinical
RHD as well as the echocardiographic characteristics of RHD, the prognosis of valvular lesions

and determinants of the disease.

Chapter 7 describes the pattern of immune response in RF and RHD with analysis of cellular
features and the signs of immune activation including haemal inflammatory parameters and
cytokine levels. The valvular activation in RHD is described in the second part of the chapter,
analyzing the inflammatory markers and the role of regulatory cytokines in valvular damage

determining the immune mediators of RHD.
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The structural features seen in valvular damage related to RHD are presented in chapter 8 as
analyzed by histology and immunohostochmistry to determine the structural and architectural

characteristics of the disease.

Determination of the antibiotic sensitivity and resistance rates of the found hemolytic colonies is

described in chapter 9.

Chapter 10 presents the studies performed for definition of the Streptococcal strain responsible
for RF in Egypt and its rheumatogenicity through serotyping for the particular type of M protein
as well as DNA studies of the genes which encode these virulence factors (emm). Part 2 of the
chapter describes the collagen-binding assays performed for the evaluation and analysis of the
binding between the octapeptide PARF and collagen IV for the potential of PARF as a diagnostic

marker for the early detection of rheumatogenic strains and the diagnosis of RHD.

The last chapter summarizes the conclusions of our work and proposes new research lines into
the mechanisms of RF and RHD.
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3.1 Epidemiology study
Egypt

Egypt is located in North Africa, with the Sinai Peninsula forming a land bridge in Western Asia.
Covering an area of about 1,010,000 square kilometers (390,000 sq mi) (Figure 3.1).

..c}___.' E—p—
|'r-.

Figure 3.2 Detailed map of Egypt

At 1,001,450 square kilometers (386,660 sq mi), Egypt is the world's 38th-largest country. Egypt
is divided into 29 governorates, which are further divided into regions. Egypt is one of the most
populous countries in Africa and the Middle East with its 83,082,869 (July 2009 est.) citizens.
For population characteristics see (Appendix I).
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The great majority of the population lives near the banks of the Nile River, in an area of about
40,000 square kilometers (15,000 sq mi), where the only arable agricultural land is found. The
large areas of the Sahara Desert are sparsely inhabited. The population density is estimated 81.5
per sq km (Figure 3.3).

Figure 3.3 Population density

3.1.1 Epidemiological set-up

Study area

Cairo

The Egyptian capital has a surface of 214 km2 and 18,3 million inhabitants (2008 estimate) with
a density exceeding 37,136 inhabitants/km? (Figure 3.4).

Figure 3.4 Site of Cairo (top centre)
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National Heart and Lung Institute

The National Heart Institute (NHI), in Imbaba, Cairo, is one of the major heart centres in Cairo
and surrounding areas and has a big influx of patients from all over Egypt. The NHI, founded in
1965 as a public institute, is a part of the General Organization of the Teaching Hospitals and
Institutes "GOTHI" and has a total of 350 beds. A penicillin prophylaxis program of the Ministry
of Health is based at the NHI and is meant for patients that have been previously diagnosed with
RF and prescribed penicillin prophylaxis. This clinic is assessable to all patients in the area and
receives patients from all over Egypt who choose to be treated at the NHI.

Aswan
In order to perform the screening of school children in Aswan an epidemiological study was

performed.

Figure 3.5 Site of Aswan

Aswan Governorate is the south most governorate in Upper Egypt (Figure 3.5). The distance
between Cairo and Aswan is 879 km (549 miles). The population of the governorate is around
1,484,433 and its area is 34,608 kmz2. Primary school attendance is over 95%. The schools are
distributed among 7 areas. The distribution of the schools and school children in each area is
shown in Appendix Il. There are in total 51 402 school children distributed among 95 schools
(Table 3.1).
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Table 3.1 Amount of school children per age group

Age group number
5 years 1249
6-12 years 14 457
13-15 years 35 696
Total 51 402

Hospital-based study

Individuals were recruited at the National Heart Institute (NHI), in Imbaba, Cairo, one of the
major heart centers in Cairo and surrounding areas with a big influx of patients from all over
Egypt, where a penicillin prophylaxis program of the Ministry of Health is based for patients that
have been previously diagnosed with RF and prescribed penicillin prophylaxis. This clinic is
assessable to all patients in the area and receives patients from all over Egypt who choose to be
treated at the NHI.

Individuals visiting the outpatient clinic or admitted at the Cardio-thoracic department of the
NHI were assessed for the investigation of the epidemiological and clinical characteristics,

molecular and cellular mechanisms and microbiology of RF and RHD.

The study population consisted of:
+ Group I: -Individuals with a positive history of RF visiting the centre for penicillin
prophylaxis with or without cardiac involvement
-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD
¢ Group Il: Patients admitted for RHD and scheduled for valve replacement.

The individuals recruited in the penicillin clinic were reassessed 6 months after the first
consultation for evaluation of the development, progression and/ or resolution of the cardiac
manifestation to analyze the reversibility of valvular lesions with adherence to secondary

prophylaxis regimens and determine the long-term outcome of patients with subclinical RHD.
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We think that it is legitimate to compare both patient groups, as they form part of the same
patient population that visits the NHI and group Il represents group | in a later stage of the
disease. Therefore, this allowed us to compare different stages and presentations of the disease:
individuals on penicillin prophylaxis with and without RF and/or cardiac involvement,

individuals with evidence of RHD with and without history of RF and/or penicillin prophylaxis.

School-based screening
A cross-sectional screening of schoolchildren from 5 to 15 years of age was performed in

Aswan, Egypt.

Figure 3.6 School children awaiting assessment in Aswan during the screening
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Sample size calculation

Previous studies in Mozambique and Cambodia reveal a prevalence of RHD as detected by
echocardiography of 3.0% (95% CIl 2.3-3.8) and 2.2% (95% CI 1.7-2.6) respectively in
schoolchildren aged 6-17 years. Assuming that the clinical prevalence of RHD in school children
in Egypt is comparable to the previous studies we hypothesize a prevalence of RHD in school
children in Aswan around 2.5 to 3.0%. This means that 25 to 30 RHD cases would be detected
per 1,000 screened children.

In epidemiological studies and studies that investigate factors associated with RHD, it is required
to have a substantial number of RHD cases, approximately 50 cases, in order to be able to do
multivariable analyses. Therefore it was decided to screen 3,000 children which is expected to
detect 75 children showing characteristics of RHD following the earlier provided prevalence

forecast.

Sample selection
The Governorate of Aswan provided us with the map of Aswan, distributed in 7 geographical
areas and created a list of all schools in the area. By this mean we were able to obtain the number

of schools and school children for each age group in the different areas.
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Figure 3.7 Map of Aswan City divided in 7 geographical areas

Sample size
The number of children needed to screen from each area was calculated as following:

(1)
Childreng,eq )
m = Representation e,
Children,re, = total school children in the area
Childreny = total of school children in Aswan
Represenationg., = representation of the area in the total cohort
)
Representation qq X Screenprqr = SCreengreq
Representation,re, = representation of the area in the total cohort
Screengta = total number to screen (in this case= 3000)
Screengrea = NUMber needed to screen in the area
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The schools are distributed in 3 age groups: 5 years, 6 to 12 years and 13 to 15 years. The
number of children screened in each age group was dependent on their representation in the age
groups in the area so that the screened population was representative for the area as well as the
age group. The number of children needed to screen from each age group was calculated as

following:
Child ®
l renagegroup _ .
Children,,.. Representationggegroup
Childrenagegroup = total of children in a certain age group
Childreng,e, = total school children in the area
Represenation,gegroup = representation of the age group in the area
(4)

Representationggegroup X SCreeNgreq = SCreeNggegroup

Represenation,gegroup = representation of the age group in the area
Screenaes = NUMber needed to screen in the area
Screenagegroup = NUMber needed to screen in the age group

The distribution of the children by area, age group, representation and the number needed to

screen per area and age group can be found in appendix I11.

Sampling

Selection of the sample was done by randomization in three stages stratified by area, school and
age group and weighed by distribution of school children across the 7 areas and 3 age groups.
The schools were stratified by area and age group and randomly selected using computer-
generated random-number sampling.

On the day of screening, the children were invited to participate in the study and attributed
numbers for random-number sampling, according to the number needed to screen, weighed by
the representation of the age group in the area. There was no exclusion criteria and all children
had the same probability chances of being chosen. The list of schools visited, selected by age
group as well as the number of children screened can be found in Appendix IV.
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The number of children screened in each school and area exceeds slightly the number needed to
screen due to logistical matters. Area 7 did not have schools in the category of 5 year olds and
the number needed to screen in area 1 for this category was 1 which was not feasible due to
logistics.

3.2 Clinical study

Examination protocol

The screened individuals underwent a standardized examination protocol consisting of detailed
medical history recorded by the investigator, physical examination including general analysis of
the patients’ health, recognition of Jones criteria and careful cardiac auscultation with the patient
in the supine and left lateral decubitus positions. From individuals assessed at the NHI blood
samples and throat swabs were obtained. A unique identification number was attributed to all
participants. The patient flow chart for clinical investigation in RF and RHD patients at the NHI
penicillin clinic are shown in diagram 2.2 and diagram 2.3. The flowchart for clinical
investigation in a cohort of school children in Aswan is shown in diagram 2.4.

Disease manifestations and auscultatory findings were evaluated according to internationally
approved criteria, including the published data from World Health Organization (WHO 1988,
Figueroa 1992). Detailed transthoracic echocardiography was performed with the use of a hand-
carried, battery operated echocardiographic system (Vivid i, General Electric) with M-mode,
two-dimensional, and Doppler (pulsed, continuous, and color) imaging. The following were
obtained: apical two-, four-, and five-chamber views, parasternal long-axis and short-axis views
at the level of the papillary muscles and the aortic valve and subcostal views.

This study developed an abbreviated protocol that took 5-10 min per child and focused on
rheumatic pathology of the mitral and aortic valves. Particular attention was paid to valve
morphology on cross-sectional, two dimensional imaging and the degree and extent of mitral and
aortic regurgitation, assessed by color flow Doppler imaging. The apical imaging included
anterior angulation to evaluate the left ventricular outflow tract and the aortic valve.

Transvalvular flow was assessed by measuring the peak velocity with continuous wave Doppler
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imaging. Hard copies with detailed location and type of lesions (Appendix V, page 3) and
electronic records of relevant data were kept for offline re-evaluation.

The echocardiographic study was performed by the candidate. Two blinded experienced
cardiologists reviewed the records. The diagnosis of RHD was accepted when there was
agreement of at least two cardiologists, including the researcher. All children suspected of

cardiac involvement or lesions were reassessed by echocardiography at the Aswan Heart Centre.

Visit to Penicillin clinic at the NHI
(Referred by health unit, referred by the community or self-referral)

!

Registration (after informed consent)
!
Clinical history and examination

Echocardiography

!
Throat swab
Storage of B-hemolytic strains in THB tubes for bacteriology studies (Germany)
!
Blood collection
Full Blood count
ESR, CRP, ASOT
Storage of plasma, serum and blood cells at -80°C for studies on pathogenesis (UK)

!

Follow-up: medical appointment after at least 6 months

Diagram 2.2 Flowchart for clinical investigation in RF and RHD patients at the NHI penicillin
clinic
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Admission to cardiothoracic surgery department at the NHI
(Referred by health unit, referred by the community or self-referral)

!

Registration (after informed consent)
l
Clinical history and examination

Echocardiography

!
Throat swab
Storage of B-hemolytic strains in THB tubes for bacteriology studies (Germany)
!
Blood collection
Full Blood count
ESR, CRP, ASOT
Storage of plasma, serum and blood cells at -80°C for studies on pathogenesis (UK)
!
Surgery
Collection of valvular tissue during procedure and storage of samples

Diagram 2.3 Flowchart for clinical investigation in RHD patients scheduled for surgery at the
NHI
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Figure 3.8 Echocardiographic screening of school children
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Randomization of the schools by area, age and school
l
Visit to schools in Aswan
Randomization of the children in the school

!

Registration
l
Clinical history and examination
Echocardiography
l

Revision of retrieved echocardiographic data

!

When required: Follow-up and reassessment appointment at the AHC

Diagram 2.4 Flowchart for clinical investigation in a cohort of school children in Aswan

Sample collection

A throat swab was taken and blood was collected by venipuncture into 1 siliconised EDTA, 1
non-additive and 1 citrate ESR tube. The throat swab was streaked immediately across a blood
agar plate for culturing of the organism. The hemolytic colonies identified were tested for
antibiotic sensitivity, stored into THB agar tubes.

A complete CBC, ESR analysis, qualitative determination and semi-quantitative determination of
the ASOT and CRP was done. Serum and plasma was obtained and stored.

From the patients scheduled for valve replacement excised valve tissue material was collected at
the time of surgery. The collected valves were immersed in formalin upon dissection followed by

embedding of parts of the tissue sample in paraffin.
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Demographic data

Demographic data from every subject selected were collected in the form of a standardized
questionnaire (Appendix V). The questionnaire contains questions regarding the patient’s
demographics, family environment, risk factors, history of RF, its severity, treatment and
prophylaxis.

Issues regarding the onset age of RF, symptoms, severity, presence of recurrences of RF,
medication and penicillin prophylaxis were questioned on the history of RF and the presence of
symptoms to confirm the presence of RF and clinical presentation. Penicillin prophylaxis
schedule was divided into 3 categories, following the most used and prescribed schedules for
penicillin prophylaxis, every 15 days, 3 weeks or monthly. Compliance rate for the penicillin
prophylaxis was evaluated by asking the patient about the schedule, how often he ignored or
postponed the injection date and if he was strict to the schedule. Compliance was then also be
evaluated in relation to the schedule. A schedule of less than 9 injections a year was considered
poor. A schedule of 9 to 12 injections a year was considered fair, while an excellent compliance
rate was more than 12 injections a year. Many individuals were receiving prophylaxis for the
first time therefore questions on schedule and compliance was not applicable.

The disease awareness as classified in 3 categories evaluated on the patients’ knowledge of the
RF history, symptoms and penicillin prophylaxis. The disease awareness was also be evaluated
by the amount and type of questions answered on the knowledge of RF and RF history. The
disease awareness was evaluated as poor when the patient had no knowledge of the reason for
penicillin prophylaxis. When the patient was aware of RF or the valvular damage, and knew that
penicillin is a way of prophylactic prevention but did not know the link between RF and the
valvular damage the awareness was evaluated as fair. The patient’s awareness was evaluated as
good when he was also aware of the correlation between RF and cardiac disease (RHD). The
same scale was used for the parents’ awareness. Dental care was evaluated during collection of

throat swabs by the general condition of the mouth and teeth.
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Echocardiographic criteria

Based on recent studies on the design and development of diagnostic criteria for RHD (WHO
2004, Marijon 2007, Carapetis 2008, Marijon 2009) and our own clinical experience a new
comprehensive set of criteria to determine the presence and extent of cardiac involvement was
developed (Criteria 4, Aswan Heart Centre (AHC) criteria).

Our suggested criteria for the diagnosis of RHD consists of the presence of any Doppler-detected
valvular affection of the right-sided valves in association with at least one structural rheumatic
valvular feature. Regurgitation should be defined as pathological when meeting all four criteria
defined by the WHO (Table 1.3). However, including trivial affection. Mitral stenosis should
diagnosed in case of flow acceleration across the mitral valve and a mean pressure gradient
greater than 4 mmHg. Similarly, flow acceleration across the aortic valve with a peak velocity
greater than 2 m/s is necessary for diagnosis of aortic stenosis.

The structural criteria should be based on the study of (1) quantitative leaflet morphology
(typical marked thickening of the margins, greater than 4mm), (2) leaflet shortening with
abnormal motion due to the posterior leaflet tip restriction), and (3) subvalvular apparatus
morphology (prominent thickening, most often just below the valve, and shortening of chordal
structures) (Table 3.2).

Table 3.2 AHC criteria: Echocardiographic criteria for the diagnosis of RHD (Criteria 4)

Functional criteria

Mitral or Aortic Regurgitation (at least mild)
Mitral or Aortic Stenosis

Structural criteria

Thickening of valve cusps
Doming of valve cusps
Fused subvalvular apparatus

Leaflet shortening and restriction
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After completion of the hospital based study and evaluation of the data we have decided to adjust
the echocardiographic criteria for the diagnosis of RHD in the school based screening (Criteria
5). We believe that in a young population subclinical RHD can present as single and isolated
lesions rather than combinations of lesions which are expected to appear in a more chronic
phase.

In this criteria any degree of regurgitation together with valvular thickening of leaflet restriction
lead to the diagnosis of RHD, as well as the finding of isolated fusion of the subvalvular
apparatus and/or commisure or aortic regurgitation, as these features are uncommon in healthy
children. Isolated valvular thickening, leaflet restriction or at least mild mitral regurgitation
indicate possible RHD (Table 3.3). We believe that this criteria is more sensitive for screening

purposes in young children, avoiding over- and underdiagnosis of RHD.

Table 3.3 Modified AHC criteria: Echocardiographic criteria for the diagnosis of RHD (Criteria
5)

Definite RHD

Valvular thickening & any degree of regurgitation

Leaflet restriction & any degree of regurgitation

Fusion of subvalvular apparatus or/and
commisures

Aortic regurgitation caused by cusp retraction
Possible RHD

Isolated valvular thickening
Isolated leaflet restriction

Isolated > mild mitral regurgitation
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3.3 Laboratory study
3.3.1 Haemal assays
Sample collection: The blood was collected following international venipuncture protocols.
Detailed steps of venipuncture:
+ The median cubital and cephalic veins of the arm were palpated and traced with the index
finger
* The patient as positioned so he or she was comfortable and safe in case of fainting and falling
+ The venipuncture site was prepared with an alcohol swab in a circular fashion.
+ The tourniquet was applied 3-4 inches above the selected puncture site.
¢ The venipuncture was performed with the patient’s arm in a downward position.
+ The tourniquet was removed as soon as blood appeared in the tube
+ Succeeding tube was placed in the holder puncturing stopper to initiate flow
+ While each successive tube was filling the previous tube was inverted gently 5 times
+ When all tubes of blood had been collected, the last tube was removed from the vacutainer
holder, and a cotton ball or gauze was placed over the site and the needle was withdrawn in a
smooth and cautious manner
+ After withdrawing the needle fully, pressure was applied to the cotton ball over the puncture
site and hold pressure. The patient was asked to apply pressure for 3 to 5 minutes until the

bleeding stops.

Blood was collected into:

-1 siliconised glass tubes containing EDTA
-1 non-additive tube

-1 citrate ESR tube

Preparation of samples
EDTA tube: The tube containing blood on EDTA was run through the Sysmex KX-21N for CBC
count and the centrifuged to obtain plasma.
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Non-additive tube: The blood collected in the non-additive tube was centrifuged to obtain serum.
This serum was used for the CRP and ASOT analysis. 1 ml of whole blood was aliquoted in an

Eppendorf tube for storage.

ESR citrate tube: 1 ml of blood was collected in an ESR tube to determine the rate with the
Wintrobe method.

Preparation of serum

+ blood samples collected in non-additive blood collection tubes were centrifuged at 4000 rpm
for 4 min

+ the supernatant (serum) was aliquoted into 2 Eppendorf tubes (approximately 1ml of serum
each)

+ the eppendorf tubes were stored in a freezer at -40°C

+ the samples were later transported to the Helmholtz Centre in an icebox

Preparation of plasma

+ blood samples collected in EDTA collection tubes were centrifuged at 4000 rpm for 4 min
+ the plasma was aliquoted into 2 Eppendorf tubes (approximately 1ml of plasma each)

+ the Eppendorf tubes were stored in a freezer at -40°C

3.3.2 Valvular tissue assays
Sample collection: Excised valves of patients with a history of RF/RHD were collected during
routine valve replacement procedures. The valvular tissue was stored in formalin directly after

collection. Parts of the tissue was later embedded in paraffin.

Paraffin embedding protocol

¢ The tissue was fixed in 70% Ethanol
+ The tissue was then placed in the tissue processor.

+ The specimens were embedded in paraffin.
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+ The tissue block was attached to a hardwood block by melting the back of the tissue
block with a warm spatula and firmly pressing the two together.
¢ 8 um thick sections were cut with a standard microtome

* The sections and paraffin blocks were stored at room temperature.

2.3.3 Bacteriology assays
Sample collection: The specimen for throat culture were obtained by the following protocol:
+ The patient was asked to tilt the head back and open the mouth wide.
+ With the tongue depressed and the patient saying "ah," the back of the throat and the
tonsils were wiped with a sterile swab.
+ The swab is removed gently without touching the teeth, gums, or tongue.

+ The swab was streaked immediately across a blood agar plate

Culturing
+ The swab was streaked immediately after collection across a blood agar plate
+ The blood agar plate was allowed to incubate at (35°-37°C) for 24-48 hours to allow the
growth of bacteria
+ After incubation the colonies on the agar plates were analyzed

+ Hemolytic colonies were identified

Sensitivity testing: Susceptibility testing is used to determine which antimicrobial inhibits the
growth of the bacteria causing the infection. If the bacteria are susceptible to a particular
antibiotic, an area of clearing surrounds the wafer where bacteria are not capable of
growing (called a zone of inhibition). The size of the zone and the rate of antibiotic
diffusion are used to estimate the bacteria’s sensitivity to that particular antibiotic. The
results from this test helped determine which antibiotic was the most effective in treating

the infection.
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+ Antibiotics tested:

*

*

*

Levofloxacin 5 mcg (BioAnalyse)
Erythromycin 15 mcg (BioAnalyse)
Vancomycin 30 mcg (BioAnalyse)
Ciprofloxacin 5 mcg (BioAnalyse)
Gentamycin 10 mcg (BioAnalyse)
Doxycicline 30 mcg (BioAnalyse)
Penicillin 10U (BioAnalyse)
Bacitracin 10U (BioAnalyse)

Taxo- differentiation discs (Benex Limited)

Detailed steps:

*

*

*

*

Samples of the identified colonies were re-streaked on antibiotic agar plates
Antibiotic discs were placed on the agar plate
After incubation the colonies on the agar plates were analyzed for the growth pattern

The antibiotic sensitivity was analyzed

Storage

*

*

*

Samples of the identified colonies were collected with a sterile loop
Sterile loop were stabbed in THB agar tubes

The tubes was allowed to incubate at (35°-37°C) for 24-48 hours
The agar tubes were stored at 4°C for a maximum of 3 weeks

The tubes were transported to the Helmholtz Centre at room temperature
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3.4 Statistical Analysis

Statistical analysis was performed using Statistical Package for Social Sciences, version 16
(SPSS 16). Firstly all variables were tested for normality using Kolmogrov-Smirnov test. If the
test was significant, non-normality was accepted otherwise double-check using graphs, skewness
and kurtosis were required to confirm normality (Chan 2003).

Most of the quantitative variables in this research were not normally distributed and
accordingly are presented as median (range). Quantitative data are presented as mean £ SD when
normality assumptions were satisfied. Qualitative data as frequencies are presented as number
(percentage).

Categorical variables were compared using Chi-square analysis (x°) (Chan 2003?). A P-value of
<0.05 was considered statistically significant (Chan 2003). Because most of quantitative data
were not normally distributed, variables were compared between two related samples using
the Spearman test and two unrelated samples using the Mann Whitney U test. When normal
distribution was confirmed, data were compared using paired and unpaired T-test, respectively
(Chan 2003).

3.5 Ethical considerations

Hospital-based study

Ethical approval was granted by the Imperial College London (appendix VI) and the National
Heart Institute. Patient information sheet and informed consent were designed (Appendix VII).
All volunteers were given written and oral detailed information, interviewed through the RF and
RHD characteristic questionnaire and asked to sign an informed consent form which was
translated into Arabic.

All subjects were asked to undertake physical and echocardiographic examination and collection
of blood and throat swab samples. The physical examination included general analysis of the
patients’ health, recognition of Jones criteria, cardiac auscultation and echocardiography. From
the patients scheduled for valve replacement excised valve tissue material was collected at the

time of surgery. Individuals were notified about the results of the tests and eventual need of any
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further treatment or follow-up and were free to withdraw from the study at any time without

giving any specific reasons.

Cohort school children

The research project was approved by the appropriate authorities at the Governorate of Aswan
and the Egyptian Ministry of Health and Education, as representatives of the population and
education system (Appendix VIII).

The local authorities and school personnel were given written and oral detailed information. The
physical examination included general analysis of the patients’ health, recognition of Jones
criteria, cardiac auscultation and echocardiography. The local health authorities and caretakers
were notified about the results of the tests and eventual need of any further treatment or follow-
up. Individuals were free to withdraw from the study at any time without giving any specific
reasons. Children with cardiac affection were offered free treatment, follow-up and surgery if

indicated at the Aswan Heart Centre in Aswan.
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4.1 Background

In Egypt, a high percentage of schoolchildren have been reported to have clinical evidence of
cardiac valvular damage due to RHD, with a severe and aggressive couse of the disease (Kassem
1982, Abdin 1968, El Sherif 1975). Although these studies have been helpful in forming an idea
on RHD in the Egyptian youth, they have not been systematic and did not use
echocarediographic evaluation and diagnosis of the valvular lesions. Echocardiography is found
to be the only approach with sufficient sensitivity and specificity for the detection of subclinical
carditis and RHD (Marijon 2007, Carapetis 2008) and has resulted in high prevalence rates of
RHD in different areas confirming that the prevalence of RHD in school-aged children is far
greater than earlier estimates.

Due to the lack of data on prevalence, characteristics and determinants we designed a cross-
sectional screening using systemic sampling in a cohort of randomly selected school children in
Aswan, in whom auscultation followed by echocardiography was used to identify the presence,
characteristics and determinants of RHD.

The aim of this study was to evaluate the valvular affection and diagnosis of RHD and determine
the epidemiological and clinical characteristics as well as risk factors and determinants of RHD

in an area where data on regard the disease is completely lacking.

4.2 Participants and methods
Screening
A cross-sectional screening of schoolchildren from 5 to 15 years of age was performed in Aswan

as described in chapter 3, pg. 76.

Sample size calculation

A total of 3,062 children were screened for the characteristics of RHD following the earlier
provided prevalence forecast.

Sample selection
The number of schools and school children for each age group in the different areas was
obtained.
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Sample size
The number of children needed to screen from each area was calculated as following:

1)
Childreng,qq .
m = Representationg,.,
Childreng, = total school children in the area
Childreny, = total of school children in Aswan
Represenationge, = representation of the area in the total cohort
)

Representation qq x Screeniprqr = Screengpeq

Representation,re, = representation of the area in the total cohort
Screenga = total number to screen (in this case= 3000)
Screengea = NuMber needed to screen in the area

The schools are distributed in 3 age groups: 5 years, 6 to 12 years and 13 to 15 years. The
number of children screened in each age group was dependent on their representation in the age
groups in the area so that the screened population was representative for the area as well as the

age group. The number of children needed to screen from each age group was calculated as

following:
Child ©
ildren ]
Childrzzjzzup = Representationggegroup
Childrenagegroup = total of children in a certain age group
Childrenge, = total school children in the area
Represenation,gegroup = representation of the age group in the area
(4)
Representationggegroup X SCreeNgreq = ScreeNggegroup
Represenation,gegroup = representation of the age group in the area
Screengea = humber needed to screen in the area
Screenagegroup = NUMber needed to screen in the age group
The distribution of the children by area, age group, representation and the number needed to
screen per area and age group can be found in appendix I11.
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Sampling

Selection of the sample was done by randomization in three stages stratified by area, school and
age group and weighed by distribution of school children across the 7 areas and 3 age groups.
The schools were stratified by area and age group and randomly selected using computer-
generated random-number sampling.

On the day of screening, the children were invited to participate in the study and attributed
numbers for random-number sampling, according to the number needed to screen, weighed by
the representation of the age group in the area. There was no exclusion criteria and all children
had the same probability chances of being chosen. The list of schools visited, selected by age
group as well as the number of children screened can be found in Appendix 1V.

The number of children screened in each school and area exceeds slightly the number needed to
screen due to logistical matters. Area 7 did not have schools in the category of 5 year olds and
the number needed to screen in area 1 for this category was 1 which was not feasible due to

logistics.

Examination protocol

The screened individuals underwent a standardized examination protocol consisting of detailed
medical history recorded by the investigator, physical examination including general analysis of
the patients’ health, recognition of Jones criteria and careful cardiac auscultation with the patient
in the supine and left lateral decubitus positions.

Disease manifestations and auscultatory findings were evaluated according to internationally
approved criteria, including the published data from World Health Organization (WHO 1988,
Figueroa 1992). Detailed transthoracic echocardiography was performed with the use of a hand-
carried, battery operated echocardiographic system (Vivid i, General Electric) with M-mode,
two-dimensional, and Doppler (pulsed, continuous, and color) imaging. The following were
obtained: apical two-, four-, and five-chamber views, parasternal long-axis and short-axis views
at the level of the papillary muscles and the aortic valve and subcostal views.

Particular attention was paid to valve morphology on cross-sectional, two dimensional imaging
and the degree and extent of mitral and aortic regurgitation, assessed by color flow Doppler

imaging. The apical imaging included anterior angulation to evaluate the left ventricular outflow
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tract and the aortic valve. Transvalvular flow was assessed by measuring the peak velocity with
continuous wave Doppler imaging. Hard copies with detailed location and type of lesions
(Appendix V, page 3) and electronic records of relevant data were kept for offline re-evaluation.
The echocardiographic study was performed by the candidate and two blinded experienced
cardiologists reviewed the records. The diagnosis of RHD was accepted when there was
agreement of at least two cardiologists, including the researcher. All children suspected of
cardiac involvement or lesions were reassessed by echocardiography at the Aswan Heart Centre.

Demographic data

Demographic data from every subject selected were collected in the form of a standardized
questionnaire (Appendix V). The questionnaire contains questions regarding the patient’s
demographics, family environment, risk factors, history of RF, its severity, treatment and

prophylaxis.

Echocardiographic criteria

Only left-sided valves were evaluated for features of RHD as affection of the right sided valves
is fairly common and not related to the condition (Lembo 1988, Kostucki 1986, Lembo 1988,
Yoshida 1988). RHD was diagnosed by the different echocardiographic diagnostic criteria as

following:

Criteria 1 (WHO 2004): (1) a regurgitant jet >1 cm in length, (3) seen in at least 2 planes, (3) a

mosaic color jet with a peak velocity >2.5 m/s, (4) persisting throughout systole or diastole

Criteria 2 (Carapetis 2008): (1) valvular regurgitation (meeting all four criteria defined by the
WHO) with evidence of structural changes to valve appearance: (a) valvular thickening (b)
elbow deformity of the anterior mitral valve leaflet (2) any degree of pathological aortic
regurgitation (3) mitral stenosis (flow acceleration and a mean pressure gradient > 4 mmHg) (4)

aortic stenoses (flow acceleration with peak velocity > 2 m/s)
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Criteria 3 (Marijon 2007): any degree of valvular regurgitation seen in at least 2 planes
accompanied by at least two of the following three structural abnormalities of the regurgitant
valve: (1) leaflet morphology (typical marked thickening of the margins), (2) leaflet mobility
(abnormal motion due to the posterior leaflet tip restriction), and (3) subvalvular apparatus
morphology (prominent thickening, most often just below the valve, and shortening of chordal

structures)

Criteria 4 (AHC criteria): The suggested criteria for the diagnosis of RHD consists of the
presence of any Doppler-detected valvular affection of the right-sided valves in association with
at least one structural rheumatic valvular feature (as extensively described in chapter 3, pg. 90).
Regurgitation should be defined as pathological when meeting all four criteria defined by the
WHO (Table 1.3), however, including trivial affection. Mitral stenosis should diagnosed in case
of flow acceleration across the mitral valve and a mean pressure gradient greater than 4 mmHg.
Similarly, flow acceleration across the aortic valve with a peak velocity greater than 2 m/s is
necessary for diagnosis of aortic stenosis.

The structural criteria should be based on the study of (1) quantitative leaflet morphology
(typical marked thickening of the margins, greater than 4mm), (2) leaflet shortening with
abnormal motion due to the posterior leaflet tip restriction), and (3) subvalvular apparatus
morphology (prominent thickening, most often just below the valve, and shortening of chordal
structures) (Table 3.2).

Criteria 5 (Modified AHC criteria): During the clinical work and evaluation of the data, criteria
4 was adjusted and modified (Criteria 5). In this criteria any degree of regurgitation together with
valvular thickening or leaflet restriction lead to the diagnosis of RHD, as well as the finding of
isolated fusion of the subvalvular apparatus and/or commisure or aortic regurgitation, as these
features are uncommon in healthy children. Isolated valvular thickening, leaflet restriction or at

least mild mitral regurgitation indicate possible RHD (Table 3.3).
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4.3 Results
4.3.1 Demographics

A total of 3062 pupils between the ages 5 and 15 were screened in Aswan, representing 6% of

the schools population in the area.

Age: The mean and median age was 10 years £ 2.6 years. The distribution of the age groups was

representative for each group in the population of schoolchildren (Figure 6.1).
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Figure 4.1 Distribution of age groups

Gender: There was a slight male predominance (58.7%, n=1796) in the group screened.

Social factors: The number of siblings ranged from 0 to 11 (3.14 + 1.54) in the total of 1515
(49.47%) children that answered the question.

The majority of the children (90.2%, n=1776) reported that the father had an active job, while
literacy of the father was reported in 74.7% (n=1085). A part of the children (20.4%, n=372)
reported that the mother had an active job, with 63.6% (n=885) reporting literacy.
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Medical history: The medical history remained unknown as the caretakers were not present
during the screening and the lecturers and education staff did not have any information on the

medical history.

4.3.2 Clinical findings
No major general health issues were detected and none of the children showed characteristics of

the Jones Criteria for the diagnosis of RF.

Cardiac auscultation revealed murmurs in 0.4% (n=12) children, of which 0.23% (n=7) were free
of cardiac affection as analyzed by echocardiography. Moderate aortic regurgitation was the
cause of a cardiac murmur in 0.1% (n=3) of the children, while the remaining children (0.07%,

n=2) had moderate or severe mitral regurgitation.

4.3.3 Echocardiographic findings

Structural features

In our series 3.3% (n=101) of the children screened had structural abnormality of the heart
valves, namely thickening of the valve leaflets or cusps (=4 mm). Isolated fusion or thickening of
the subvalvular apparatus was seen in 0.03% (n=1) of the children. A combination of thickening
of the valve leaflets or cusps and fusion or thickening of the subvalvular apparatus was seen in

0.1% (n=3) of the children. Prolapse of the mitral valve was seen in 0.16% (n=5) of the children.
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Figure 4.2 Measurement of the aorta and left atrium in a parasternal long-axis
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Functional affection

Functional affection of the right sided heart valves was found in 16.3% (n=501) of the children

assessed (Figure 4.2). Trivial mitral valve regurgitation was found in 14.3% (n=440) of the

children while mild mitral regurgitation was seen in 1.9% (n=57) of the children. Moderate and

severe mitral regurgitation was seen in 1 child (0.03%), respectively. Isolated mitral valve

affection was seen in 16.2% (n=498) of the children.

Mild aortic regurgitation was seen in 0.1% (n=3) of the children. Isolated affection of the aortic

valves was seen in 2 (0.07%) and a combination of mild mitral and aortic regurgitation was

found in 1 (0.03%) child. Trivial and mild tricuspid regurgitation was seen in 0.4% (n=12) and

0.1% (n=4), respectively. No stenotic lesions were found in our study.

Figure 4.3 Valvular affection
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Features of RHD

Structural features: Thickening of the valve leaflets or cusps was seen in 94.3% (n=66) of the
children diagnosed with RHD. Isolated fusion or thickening of the subvalvular apparatus was
seen in 1.4% (n=1) of the RHD cases. A combination of thickening of the valve leaflets or cusps

and fusion or thickening of the subvalvular apparatus was seen in 4.3% (n=3) of the children.
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Figure 4.6 Thickening of the tip of the mitral leaflet in parasternal long-axis
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Functional features: Isolated mitral regurgitation was seen in 96% (n=67), isolated aortic
regurgitation in 2.9% (n=2) and both in 1.4% (n=1) of the RHD cases. No cases of mitral or
aortic stenosis were seen. Trivial or mild mitral regurgitation accounted for 44.2% (n=31) and
51.4% (n=36) of the RHD cases, respectively. The regurgitation was mild in all cases of aortic
affection (4.2%, n=3).
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010 130402

Figure 4.8 Mitral regurgitation in parasternal long-axis

Congenital Heart Disease

We identified 3 children with congenital heart disease (prevalence 1 per 1000) in the form of
PDA (Patent Ductus Arteriosus), PAVC (Partial Atrioventricular Canal) and TGA (Transposition
of the Great Arteries).

4.3.4 Evaluation of newly developed echocardiographic diagnostic criteria

Prevalence of subclinical RHD following the different diagnostic criteria

Following criteria 1 (WHO 2004), which is based on the finding of at least mild mitral and/or
aortic regurgitation 2% (n=61) would be diagnosed with RHD.

Following criteria 2 (Carapetis 2008) a total of 1.76% (n=54) would be diagnosed with RHD of
which 0.1% (n=3) would have been diagnosed by the presence of pathological aortic
regurgitation and 0.5% (n=16) by the presence of mild mitral regurgitation. A combination of
mild mitral regurgitation and structural characteristics was seen in 1.1% (n=35) of the children.
A small number (0.4%, n=12) of the individuals would be diagnosed with borderline RHD in by
the presence of trivial mitral regurgitation. Following criteria 3 (Marijon 2007) which combines

valvular regurgitation with at least 2 structural signs a total of 0.09% (n=3) individuals would be
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diagnosed with RHD as a combination of at least 2 of the structural findings was found in only
0.1% (n=4) of the individuals. Following our earlier suggested criteria (criteria 4, AHC criteria)
which combines 1 functional and 1 structural feature (as described in chapter 3, pg. 89), 2.1%
(n=66) of the children would be diagnosed with RHD.
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Figure 4.9 Valvular affection and diagnosis of RHD by criteria 4 (AHC criteria)

By the newly suggested criteria (Criteria 5, modified AHC criteria) (as described in chapter 3,
pg. 90) 2.3% (n=70) of the children would be diagnosed with RHD, corresponding to a
prevalence of 23 cases per 1000 children. Isolated thickness of the leaflets or cusps was seen in
0.6% (n=19) and isolated at least mild mitral regurgitation was found in 0.7% (n=22) of the

children, leading to a total of 1.3% (n=41) of possible RHD cases.
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Figure 4.10 Diagnosis of RHD following the different criteria
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4.3.5 Clinical versus echocardiographic diagnosis of subclinical RHD
Clinical assessment by cardiac auscultation revealed cardiac affection in 7.1% (n=5) of the
children diagnosed with RHD by echocardiography, showing a 14-fold increase of the case

detection rate by echocardiography.

4.3.6 Determinants of RHD

There was no significant relation between the age, the gender, or the amount of siblings and the
presence of structural or functional cardiac affection or the diagnosis of RHD. However, there
was a slight peak of RHD diagnosis in the group aged 11-12 years (Figure 4.6). Furthermore,
there was also a slight statistically not significant male predominance in the diagnosis of RHD
(Figure 4.7).
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Figure 4.11 RHD affection by age
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Figure 4.12 RHD affection by gender
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4.4 Discussion

Our study shows a prevalence of 23 cases of RHD in 1,000 screened school children in Aswan,
Egypt, which is comparable to earlier reports of systemic echocardiographic screenings from
Cambodia (21.5 per 1,000) and Mozambique (30.4 per 1,000) (Marijon 2007) and exceeds the
previously estimated prevalence based on clinical examination of 5.1 per 1000 schoolchildren in
Egypt (Alwan 1993, WHO 1992). However, previous echocardiographic screenings have
resulted in prevalence rates for RHD up to 62 in 1,000 (Anabwani 1996, Paar 2010, Marijon
2007), providing an average point prevalence of 40 in 1,000 in school-aged children (Paar 2010).
Importantly, the difference in the reported prevalences may rely on geographical differences as

well as the used criteria.

The age of the cohort studied was in the range with the previous school based screenings
(Marijon 2007, Carapetis 2008, Paar 2010) enhancing the comparison of the results. Our series
did not confirm the age differences for the cardiac affection, although RHD is believed to be
more common in the 11-16 years age group than in younger children (Thakur 1996, Longo-
Mbenza 1998) peaking in those aged 10-12 year (Carapetis 2008). However, there was a slight
peak in the diagnosis of RHD in the group aged 11-12 years.

It has been reported that the prevalence of RHD increases significantly with age (Marijon 2007,
Carapetis 2008, Marijon 2009), peaking in adults aged 2040 years, with the number of cases of
RHD in school-aged children representing less than 20% of the cases in the whole population
(Carapetis 2005, Steer 2009). Therefore, in order to reflect the true number of prevalent cases in
the general population the prevalence of RHD in children is increased five- to seven-fold
(Carapetis 2005%). In our case this would lead to a horrifying prevalence of 115 to 161 RHD
cases per 1000 Egyptians.

Our series does not confirm the earlier suggested gender predisposition for RHD with female
predominance in the rheumatic affection (Marijon 2007, Marijon 2009), in fact, we have seen a
statistically not significant male predominance in the diagnosis of RHD.

Structural features were found in 3.3% of the children screened and in 94.3% of the RHD cases,

particularly in the form of thickening of the valve leaflets or cusps, which has been reported to be
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the commonest feature of RHD, found in up to 83.8% of the cases (Vijayalakshmi 2008). Fusion
or thickening of the subvalvular apparatus was less common and only seen in 1.5% of the
children diagnosed with RHD and a combination of structural features was the second most
common structural characteristic of RHD.

Functional affection of the left sided heart valves was found in 16.3% of the children assessed
with predominance of trivial mitral valve regurgitation, which is in concordance with earlier
reports (Thakur 1996, Longo-Mbenza 1998). The distribution of the valvular affection in the
RHD cases found in our series was similar to the study performed in Mozambique (Marijon
2007) which reports mitral valve affection in up to 95.5%, aortic affection in 1.5% and affection
of both valves in 3% of the cases. However, we found a slightly higher affection of the aortic
valve (2.9%) and lower combined affection of the aortic and mitral valves (1.4%) (Marijon
2007). Nevertheless, studies in Cambodia and Tonga report lower representation of mitral valve
affection, ranging from 77.2% to 85% and more affection of the aortic valve (12,7% and 9%,
respectively) and combinations of mitral and aortic pathology (10.1% and 6%, respectively)
(Marijon 2007, Carapetis 2008).

Importantly, although the prevalence of aortic regurgitation was lower, the severity of the
affection was higher than earlier reported (Carapetis 2008). However, moderate or severe
valvular affection was seen in only a small number of children, suggesting that in this age group
the majority of the lesions are mild. No stenotic lesions were found in this age group as expected
(Marijon 2007, Carapetis 2008). This series suggests a slight geographical variety of clinical
presentation of RHD with a higher affection of the mitral valve and less combined lesions or

affection of the aortic valve.

None of the screened children had physical signs of RF as defined by the Jones criteria and only
a small number of children had a cardiac murmur. Our series confirms that cardiac auscultation
detects an insufficient number of RHD cases, and particularly in those who have trivial or mild
affection of the valves, showing an increase in case detection rate by echocardiography up to 14-
fold compared to clinical examination, identifying children at risk of developing RHD for whom
secondary prevention with penicillin prophylaxis may be effective (Marijon 2007). Comparable

results have been reported earlier, as murmurs are known to be missed and subclinical and even
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moderate cardiac affection may not be clinically audible, underdiagnosing milder lesions
(Marijon 2007, Carapetis 2008), leading therefore to a higher sensitivity and accurate diagnosis
of valvular involvement by echocardiography (Ramakrishnan 2009).

Screening based only on auscultation misses therefore many cases of RHD, however, the
increased detection rate of valvular affection by echocardiography has generated debate
(Carapetis 2007, Carapetis 2008°, Marijon 2008). Detection of mild lesions is important because
children with mild disease benefit most from secondary prophylaxis, however, echocardographic
evaluation by Doppler and two-dimensional imaging is believed to be subtle and subjective. This
would suggest a potential of over-interpreting normal physiological features, leading to incorrect
diagnoses and overestimation of disease burden (Steer 2009). However, in areas with high
prevalence of RF, the consequences of underdiagnosis are significantly greater than
overdiagnosis (Ramakrishnan 2009) as secondary prevention of RHD can dramatically reduce
morbidity and mortality, however, relying upon effective screening and identification of the

children at risk.

There has been debate concerning the echocardiographic signs of early RHD to define the
criteria to be used for the diagnosis of subclinical RHD and for the fact that echo definition of
RHD based only on the length, velocity, and persistence of the regurgitant jet may depend on the
gain settings on the ultrasound equipment (Minich 1997, Wilson 1995, WHO 2004).

The detection rate of the newly developed echocardiographic criteria (Criteria 4 (AHC criteria)
and 5 (modified AHC criteria) is similar, however, the adjusted criteria seems to be more
sensitive and specific for the screening and diagnosis of RHD in a younger population as it
detects milder lesions and indicates them as rheumatic. Importantly, these criteria also had a
similar detection rate as criteria 1 (WHO criteria), however, this was based on different
echocardiographic criteria which only considers mild mitral or aortic regurgitation to indicate
RHD, excluding all milder lesions and not evaluating the valvular structure. Furthermore, this
criteria may also cause overdiagnosis due to the presence of physiological regurgitation. Criteria
2 (Carapetis 2008) showed a lower detection rate as it excludes trivial regurgitation and misses
therefore all trivial and milder functional affection of the valves compared to our criteria. Criteria

3 (Marijon 2007) showed the lowest detection rate due the fact that it requires 2 structural
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features for the diagnosis of RHD. We believe that this criteria underdiagnoses RHD especially
in a young population, which still has mild and subclinical vlvular affection and who might have
not developed combinations of structural rheumatic features as these are more prone to be
present in chronic and long standing phases of the disease.

Furthermore, we believe that restriction of leaflet mobility should be only diagnosed in
combination with shortening of the leaflet, forming together a structural feature of the condition.
Criteria 3 (Marijon 2007) considers isolated abnormal motion of the leaflet a sign of rheumatic
affection, leading to a higher diagnostic rate of this finding in their series, while in our study this
feature was less commonly diagnosed by the requirement of leaflet shortening in combination
with the mobility restriction. This might explain the discrepancy between the detection rates
reported by the criteria suggested in this series and criteria 3 (Marijon 2007).

Inclusion of structural characteristics in the diagnostic criteria is believed to prevent
overdiagnosis of the condition by overcoming the boundary between physiological valve
regurgitation and authentic but minimal rheumatic lesions. Furthermore, the similar structural
and functional rate of affection seen in RHD suggests that a combined criteria is more sensitive
and accurate, avoiding misdiagnosis of the condition and seems to be better suited for screening
of subclinical RHD. Based on the presented results we would recommend the newly developed
criteria to be taken in consideration for the diagnosis of subclinical RHD, especially in a young
population, as it seems to recognize early signs of the condition. We also believe that the most
common structural feature found in early RHD is thickening of the valvular leaflets and cusps.
Therefore we think that it is logic to regard isolated thickening as a sign of possible RHD as this
feature might develop before the related valvular regurgitation. Furthermore, isolated aortic
regurgitation is considered to indicate RHD as represents a condition rare in healthy children
(Folger 1992). Importantly, standardization of the diagnostic criteria will allow comparison of

prevalence in different areas and improve case detection.

It is now recognized that RHD can develop in individuals who did not develop manifest
streptococcal infection or RF which can sometimes be asymptomatic. Moreover, the fact that

over 93% of the found RHD cases in our series were subclinical, occurring in asymptomatic
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children without audible murmurs shows the need for echocardiographic screening to optimize
case identification and targeted prevention measures. Especially as many of the children
diagnosed with subclinical cardiac affection will progress to clinically manifested disease in
young adulthood (Carapetis 2005%). Importantly, detection at an early stage is believed to limit
the progression to and improve the prognosis of chronic valvular disease with adherence to
secondary penicillin prophylaxis lending support to the fact that screening is essential, and
therefore, RHD satisfies all standard criteria for a screening program (Council of Europe 1994).
The use of register-based disease-control programs is recommended in populations with a high
prevalence of RHD (WHO 2004) to ensure coordinated, ongoing care with a particular focus on
adherence to secondary prophylaxis regimens trough long-term, regular delivery of penicillin to
patients with RHD or a history of RF to prevent recurrences and the worsening of valve lesions.
However, the clinical importance of subclinical rheumatic valves lesions is still unknown
(Carapetis 2008), which shows the need for follow-up of patients with subclinical lesions to
determine whether their disease evolves in a similar way to clinically apparent RHD, and
whether secondary prophylaxis improves disease outcome.

This study aimed to optimize case identification and targeted (secondary) prevention measures
by identifying children at risk of developing rheumatic valve disease for whom secondary
prevention with penicillin prophylaxis may be effective (Marijon 2001, Marijon 2007). We used
stringent criteria that combines internationally accepted definitions of pathological valvular
functional affection (Bisno 2001) with evidence of structural changes to valve appearance that
are typical for RHD, expectedly raising case detection rates with major potential public health
benefits. This study has led to the establishment of a registry for all the RHD cases found during
the screening for regular follow-up and monitoring of the compliance to the penicillin
prophylaxis. We hope hereby to enhance the disease awareness and increase the compliance to
the penicillin regimen. This will also allow us to monitor the development or progression of the
valvular affection and lesions for early recognition and treatment of RHD leading to better
knowledge on long-term prognosis of subclinical rheumatic lesions. We will offer and provide

free treatment, follow-up and surgery if indicated at the Aswan Heart Centre in Aswan.
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Due to practical and ethical considerations no blood samples were taken, which forms a
limitation of the study, as it would allow us to analyze the activity of the process. However,
earlier similar studies have also not included this aspect in the screening (Anabwani 1996,
Marijon 2007, Carapetis 2008, Paar 2010). Improtanlty, the significance of the findings and
analysis of progression with determination of long-term prognosis should be addressed by

follow-up of this cohort, which is uppermost fundamental.

4.5 Conclusion

This series shows that the prevalence of rheumatic valvular abnormalities in school-age children
in Egypt is far greater than earlier estimates and extend the observations to show a high
prevalence of subclinical disease in children in Aswan, Egypt, who may be at great risk for
developing chronic progressive RHD. We have also confirmed that comprehensive
echocardiographic screening identifies up to 14 times as many children with RHD as were
identified by the traditional strategy of clinical cardiac auscultation.

The presented results reinforce the opinion that screening of asymptomatic school-age children is
a useful strategy to identify new cases of RHD and subclinical rheumatic valvular affection in
whom secondary prevention with penicillin prophylaxis may be effective in preventing
development and worsening of RHD and might encourage a strategy of echocardiography-based
screening programs. This study has contributed in the insights of the prevalence and
characteristics of RHD in Aswan, Egypt and confirmed the importance of a combined criteria
based on structural and functional valvular features. The screening protocol designed in this
study can easily be used in other regions with high RHD prevalence, improving case finding,
delivery of effective primary and secondary prevention, and adequate planning of health services

as RHD remains a major cause of morbidity and mortality in different areas.
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5.1 Background

The high worldwide incidence of RF with geographical variety in the epidemiology (Bisno 1997,
Dinkla 2003) raises great concern as the disease remains endemic in different areas leading to
considerable morbidity and mortality through RHD (Olivier, 2000). RF presents with a variety of
symptoms outlined in the Jones Criteria (Stollerman 2001, Guilherme 2009%), which has shown
decreased diagnostic sensitivity mainly due to the considerable variations in the prevalence of
the symptoms and clinical manifestation of RF in different areas.

The aim of this study was to determine the epidemiological and clinical characteristics of RF in
an area where data on regard the disease is completely lacking. The elucidation of determinants
influencing the development of RF and RHD is of importance for early recognition of
individuals at risk of developing RF and subsequently RHD and for the future development of
preventive methods. Furthermore, we believe that the clinical presentation of RF is different in
Egypt, with a different pattern of prevalence and incidence of the variety of symptoms.
Therefore, it is of importance to evaluate and validate the Jones Criteria for a new classification
of the diagnostic criteria RF for early recognition, diagnosis, follow-up and clinical management
of RF.

5.2 Patients and methods
Individuals visiting the outpatient clinic or admitted at the Cardio-thoracic department of the
NHI, in Imbaba, Cairo were assessed for the investigation of the epidemiological and clinical

characteristics of RF as described in chapter 3, pg. 75.

The study population consisted of:
+ Group I: -Individuals with a positive history of RF visiting the centre for penicillin
prophylaxis with or without cardiac involvement
-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD
¢ Group Il: Patients admitted for RHD and scheduled for valve replacement.
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5.2.1 Data collection

Demographic data from every subject selected were collected in the form of a standardized
questionnaire (Appendix V). The questionnaire contains questions regarding the patient’s
demographics, family environment, risk factors, history of RF, its severity, treatment and
prophylaxis.

Issues regarding the onset age of RF, symptoms, severity, presence of recurrences of RF,
medication and penicillin prophylaxis were questioned on the history of RF and the presence of
symptoms to confirm the presence of RF and clinical presentation. Penicillin prophylaxis
schedule was divided into 3 categories, following the most used and prescribed schedules for
penicillin prophylaxis, every 15 days, 3 weeks or monthly. Compliance rate for the penicillin
prophylaxis was evaluated by asking the patient about the schedule, how often he ignored or
postponed the injection date and if he was strict to the schedule. Compliance was then also be
evaluated in relation to the schedule. A schedule of less than 9 injections a year was considered
poor. A schedule of 9 to 12 injections a year was considered fair, while an excellent compliance
rate was more than 12 injections a year. Many individuals were receiving prophylaxis for the
first time therefore questions on schedule and compliance was not applicable.

The disease awareness as classified in 3 categories evaluated on the patients’ knowledge of the
RF history, symptoms and penicillin prophylaxis. The disease awareness was also be evaluated
by the amount and type of questions answered on the knowledge of RF and RF history. The
disease awareness was evaluated as poor when the patient had no knowledge of the reason for
penicillin prophylaxis. When the patient was aware of RF or the valvular damage, and knew that
penicillin is a way of prophylactic prevention but did not know the link between RF and the
valvular damage the awareness was evaluated as fair. The patient’s awareness was evaluated as
good when he was also aware of the correlation between RF and cardiac disease (RHD). The
same scale was used for the parents’ awareness. Dental care was evaluated during collection of

throat swabs by the general condition of the mouth and teeth.

5.2.2 Statistical analysis

The statistical analysis was performed as described in chapter 3, pg 100.
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5.3 Results

5.3.1 Epidemiological profile in RF

A total of 639 individuals were recruited at the NHI of which 498 seen at the penicillin clinic and
141 seen at the cardiothoracic surgery department. The patient demographics is shown in Table
5.1.

Age: The mean age was 23.78 years and the median was 21 years (Figure 5.1). One third (36%,
n=230) was in the age group 3 to 17 years. Another third (37.40%, n= 239) were young adults
between 20 and 35 years of age (Figure 5.1). One child (0.2%) was 3 years old and another child
(0.2%) was 4 years old at the time of presentation at the penicillin clinic. A small number (1.1%,
n=7) of the individuals screened were 5 years old.
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Figure 5.1 Age at the time of screening
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Figure 5.2 Distribution of age groups

Gender: There was a slight female predominance (52.6%, n=336) with a male to female ratio of
1:1,1.

Social factors: The number of siblings ranged up to 14, but most individuals came from families

with a mean of 4 siblings and had good dental care.

Medical history: The majority had no cardiac risk factors and only a small fraction (2.5%, n=16)

reported other risk factors like diabetes, atrial fibrillation or hypertension.

Family history: The majority of the individuals had a negative family history for cardiac diseases
and RF. A small fraction of patients (5.4%, n=59) did not know if there was RF in the family.

Disease awareness: Most individuals (43.4%, n=265) had poor disease awareness. A small
fraction of the individuals (5.28%, n=34) were too young to answer the questions on the disease
awareness. A total of 182 parents were questioned about their child’s health condition and the

majority had a fair awareness of the disease.
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Table 5.1 Patient demographics

% (nr) Mean + SD range

Age 23.78+ 1250 3-63
Sex

Male 47.4% (n=303)

Female 52.6% (n=336)
Nr of siblings 4.0+221 0-14
Dental care

Poor 4.3% (n=27)

Fair 47.8% (n=300)

Good 47.8% (n=300)

Family history for cardiac
diseases
Positive
Negative
Family history for RF
Positive

7.2% (n=42)
92.8% (n=543)

19.8% (n=116)

Negative 80.2% (n=469)
Other risk factors

Yes 2.5% (n=16)

No 97.5% (n=620)
Disease awareness

Poor 43.4% (n=265)

Fair 33.8% (n=206)

Excellent 22.8% (n=139)
Parents disease awareness

Poor 26.8% (n=49)

Fair 41.5% (n=76)

Excellent 31.7% (n=58)

Previous interventions: A small amount of the individuals had a history of previous interventions
(5.9%, n=38), including balloon valvuloplasty, mitral valve repair and valve replacement (Table
5.2). The intervention date from 3 months to 20 year (6.38 + 5.43).

Table 5.2 Previous interventions

Nr (%)

Type of intervention

Balloon 38.2% (n=13)

Valve repair 29.4% (n=10)

Valve replacement 32.4% (n=11)
Mv 54.54% (n=6)
Av 27.27% (n=3)
Double 18.9% (n=2)

119

Rheumatic Heart Disease in Egypt



Chapter 5 Characterization of RF in a hospital based study in Egypt

5.3.2 Clinical manifestation of RF in Egypt
History of RF: The majority of the individuals had a positive history of RF. A fraction of the
individuals (5.7%, n=37) did not recall the clinical manifestations (Table 5.3).

Age of RF: The age of onset of RF ranged from 2 months to 44 years (10.69 + 6.24). A
noticeable amount of patients (17.92%, n=95) was 5 years or younger at the time of the first RF
attack, with 5.85% (n=31) patients being 3 years or younger at the time of the attack. The
majority (73.96%, n=392) of individuals was between the 5 and 15 years of age with a peak at
the age of 10 (14.9%, n=79). A fraction of the patients (7.92%, n=42) were between 20 and 35
years of age and 0.38% (n=2) were 38 and 44 years old. The median age at the time of the first
RF attack was 10 years (Figure 5.3).
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Figure 5.3 Age at the time of the first RF attack

Sixty individuals (11.3%) reported the attacks being in the last 2 months. However, most of the
attacks were in the last 12 months (48.6%, n=257) and 24 months (68.5%, n=363), respectively.
A fraction of the patients reported the RF attacks 5 (14.2%, n=75), 10 (6.22%, n=33) and over 20
years (2.45%, n=13) ago (Figure 5.4).
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Figure 5.4 Date of first RF attack
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Clinical manifestation: Arthritis was the most prominent symptom reported followed by a

history of fever and pharyngitis and only a small fraction reported carditis and chorea. None of

the individuals reported nodules.

Table 5.3 RF history

Nr (%)

History of RF
Yes
No
Symptoms
Major manifestations
Polyarthritis
Carditis
Chorea
Nodules
Erythema marginatum
Minor manifestations
Fever and pharyngitis
Tonsillectomy
Yes
Diagnosis
RF symptoms
Cardiac symptoms/ affection

87.8% (n=560)
12.2% (n=78)

87.9% (n=495)
3.7% (n=21)
0.4% (n=2)
0% (n=0)

0% (n=0)

65.5% (n=369)
21.0% (n=122)

72.6% (n=464)
27.4% (n=175)
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Recurrences: Most individuals reported recurrences of the RF attacks with the majority of the
attacks reported in the last 3 to 4 weeks (98.2%, n=321), while 25.7% (n=84) reported recurrence
in the last week (Table 5.4). Five (23.8%) of the individuals that reported carditis also reported

recurrences of the carditis attacks.

Table 5.4 Recurrences

Nr (%) Mean +/- SD range

RF recurrences

Yes 59.6% (n=333)

No 40.4% (n=226)
Date recurrences 8.49+0.76 1 week-6 months
Carditis recurrences

Yes 0.9 % (n=5)

No 99.1% (n=16)
Date of recurrences 11.0+£9.59 2- 24 months

5.3.3 Diagnostic criteria
The difference in incidence between our series and the expected prevalence of the various
manifestations of RF is shown in Figure 5.5 (CAVE: in the figure the minimum expected

prevalence is shown).
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Figure 5.5 Distribution of symptoms
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When using the Jones Criteria purely on the presence of two major, or one major and two minor
manifestations, 51.64% (n=330) of the individuals screened would be diagnosed with RF. The

prevalence of the combinations of symptoms leading to the diagnosis of RF is shown in Figure

5.6.
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Figure 5.6 Diagnosis of RF based on the Jones Criteria

5.3.4 Secondary prevention

Penicillin prophylaxis: The majority of individuals were on penicillin prophylaxis, and only a
small number of individuals had ceased the prophylaxis. The most common prophylaxis
schedule was reported to be every 15-day, followed by the monthly prophylaxis routine (Table
5.5).

The start date of the prophylaxis ranged up to 432 months (36 years), with a mean of 21.82
months and standard deviation of 48.36 months (Figure 4.6). The period since prophylaxis
cessation ranged from 1 month up to 84 months (7 years), with a mean of 1.21 months and a
standard deviation of 6.10 months. Most individuals reported a fair or excellent compliance to
the penicillin prophylaxis while a fraction of the individuals (9.78%, n=63) were receiving the

penicillin prophylaxis for the first time.
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Table 5.5 Penicillin prophylaxis

Nr (%) Mean +/- SD range
Penicillin prophylaxis
Yes 84.5% (n=522)
No 15.5% (n=96)
Stopped 3.3% (n=21)
Prophylaxis schedule
15-day 64.6% (n=318)
21-day/ 3 weeks 12.6% (n=62)
1-month 22.8% (n=112)
Start date prophylaxis 21.82 + 48.36 0 — 432 months
Period of cessation 1.21£6.10 1 — 84 months
Compliance
Poor 16.0% (n=78)
Fair 33.4% (n=163)
Excellent 50.6% (n=247)
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Figure 5.7 Date of start of penicillin prophylaxis

5.3.5 Determinants of RF

Age: The older patients at the time of the screening tended to have a negative history of RF
(p=0.00) and more often a cardiac diagnosis instead of a RF symptom based diagnosis (p=0.00).
Recurrences seemed to be less common among the older patients as the younger the patients the
more recurrences reported (p=0.001).
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The older individuals failed more often to be on prophylaxis (p=0.00) and had a higher tendency
for the 21-day and monthly penicillin schedule (p=0.001). Furthermore, older individuals showed
a lower compliance to the prophylaxis regimen (p=0.002) and had more often a history of

previous interventions (p=0.00).

Gender: Of the individuals with a positive history of RF 45.7% (n=256) were male and 54.3%
(n=304) were female (p=0.016) showing that females had more often a positive history of RF
(90.7%, n=304) than males (84.5%, n=256) (Figure 5.8). Females tended to be older at the time
of the first RF attack (p=0.011) but there was no gender difference in how long ago the first RF
attack had been. Most individuals (56%, n=277) that reported arthritis were female, while 44.0%
(n=218) were male (p=0.051).
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Figure 5. 8 RF history among males and females
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Figure 5.9 Distribution of symptoms by gender
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Females reported more recurrences (66.3%) than males (53.4%) and 58.9% of the recurrences
were found in females (p=0.002). There was a positive correlation between the gender and the
type of diagnosis (p=0.019) with females being more often diagnosed trough the RF
characteristics than males (76.5%, n=257 and 68.3%, n=207, respectively) and males being more
often diagnosed by cardiac affection (31.7%, n=96) than females (23.5%, n=79) (Table 5.9).
Females tended to have started later with the penicillin prophylaxis (p= 0.002) but seemed to
have stopped the prophylaxis use later than males (p=0.027). However, no correlation was found

between a positive history for previous interventions and the patients gender (p=0.614).
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Figure 5.10 Type of diagnosis by gender

Familial predisposition: No correlation was found between a positive family history and history
and the age during the first RF attack. However, positive family histories for RF lead to more

diagnosis made by RF symptoms than by cardiac affection (81.9% and 18.1% respectively).

Tonsillectomy: The majority (95.1%, n=116) of the individuals who underwent tonsillectomy
had a positive history of RF, while 4.9% (n=6) did not (p=0.03). The older the patient during the

first RF attack the less often he underwent tonsillectomy (p=0.00).

RF history: Of the individuals with a negative history of RF the majority was diagnosed trough
cardiac symptoms (82.1%, n=64) while only 17.9% (n=14) were diagnosed by the RF symptoms
(p=0.00) (Figure 5.11).
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Figure 5.11 Type of diagnosis by history

The majority of the individuals on penicillin (91.0%, n=474) had history of RF while 87.4%
(n=474) of the individuals with history of RF were on penicillin and 12.6% (n=68) were not
(p=0.000). However, 9.0% (n=47) of the individuals on penicillin prophylaxis did not recall a
history of RF (Table 5.12).
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Figure 5.12 The use of penicillin prophylaxis and history of RF

Age of RF: The older the patient during the first RF attack, the less often fever and pharyngitis
was reported as one of the initial symptoms (p=0.00). No correlation was found between the age

during the first RF attack and the presence of arthritis symptoms. However, the older the patient
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during the first RF attack the more often carditis was found (p=0.00). Furthermore, the longer
ago the first RF attack had been, the less recurrences were reported (p=0.001).

No correlation was found between the age of the first RF attack and the presence of a history of
RF, age of the first RF attack, type of diagnosis and the use of penicillin prophylaxis. However,
the longer ago the first RF attack had been, the lower the reported compliance to the penicillin
prophylaxis (p=0.002 respectively). The start date of the penicillin prophylaxis correlated to the
date of the first RF attack (p=0.00) meaning that most of the patients started the penicillin
prophylaxis shortly after the first RF attack. No correlation was found between the age of the
first RF attack and the presence of a history of previous interventions (p=0.447). However, the
longer the interval since the first RF attack the more often a history of previous interventions was
found (p=0.00).

Diagnosis: The majority (77.4%, n=404) of the individuals on penicillin were diagnosed by RF
symptoms while 22.6% (n=118) were diagnosed by valvular affection (p=0.000). Importantly,
patients who were firstly diagnosed by the cardiac affection and symptoms had more often a

history of previous interventions (p=0.003).
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Figure 5.13 Type of diagnosis and the use of prophylaxis
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Recurrences: Diagnosis on basis of valvular affection was more often made in patients who did
not report recurrences of RF (59.8%, n=67) than in those who had RF recurrences (40.2%,
n=45), showing that the amount of individuals first diagnosed with RF trough cardiac findings is
higher in the population that does not have recurrences of the attack (p=0.00). Therefore,
diagnosis through RF symptoms were more common in individuals with RF recurrences (64.4%,
n=288) than in patients without recurrences (35.6%, n=159) (Figure 5.14). Most of the
individuals (62.1%, n=293) of the individuals on penicillin prophylaxis reported recurrences of

RF while 37.9% (n=179) of the individuals on prophylaxis did not report recurrences.
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Figure 5.14 Type of diagnosis depending on recurrences

Disease awareness: The higher the disease awareness the more often history of RF was reported
(p=0.00). Furthermore, symptoms of fever and pharyngitis seemed to raise the patient disease
awareness (p=0.018) and patients with a positive family history for RF had a higher disease
awareness than patients who did not (p=0.007). There was also a significant correlation between
the patients dental care and the disease awareness (p=0.00) as the better the dental care, the
higher the awareness.

No correlation was found between the patient’s age and the disease awareness and the age during
the first RF attack did not influence the disease awareness. However, the longer ago the RF
attack had been, the higher the disease awareness (p=0.001). Importantly, a correlation was

found between the disease awareness and the type of diagnosis (p=0.000) as a lower disease
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awareness resulted in a higher number of individuals diagnosed by cardiac symptoms (41.7%,
23.3% and 12.2% respectively) while higher disease awareness resulted in a higher amount of
diagnoses made trough the RF symptoms (58.3%, 76.7% and 87.8% respectively). However, no
correlation was found between the disease awareness and history for previous interventions
(p=0.606).

A correlation was also found between the disease awareness and the pattern of secondary
prevention (p=0.000) as the higher the disease awareness, the higher the adherence to the
prophylaxis (76.3%, 91.0% and 93.1% respectively) and the better the compliance to the
prophylaxis (36.1%, 49.4% and 60.5% respectively).

Penicillin prophylaxis: Patients that had recently stopped the penicillin prophylaxis had less
recurrences than those that had ceased the prophylaxis longer ago (p=0.031). No correlation was

found between the schedule of the penicillin prophylaxis and the presence of recurrences.

5.4 Discussion

The age of the population screened in our series ranged from 3 to 63 years, with a median of 21
years, including therefore the three major age groups of children, adolescents and adults.
Although no gender predilection is believed to exist and both sexes are believed to be equally
predisposed to developing RF (Stollerman 1975), female as well as male predominance has been
reported in the incidence of RF showing male/female ratios of 1:1.3 (Woo 1983) and 2.1:1
(Vinker 2010, Miyake 2007, Dajani 1993, Mahmudi 2006). Nevertheless, the found female
predominance in our series is slightly lower than the male to female ratio reported earlier
(1:1.25) (Bharani 2010).

The female predominance could have been explained by the treatment seeking profile or attitude
but most females also tended to have more often a positive history for RF and arthritis symptoms
than males. Therefore, females tended to be diagnosed trough the RF symptoms while males
were more often diagnosed later by cardiac affection. Interestingly, females tended to be older at
the time of the first RF attack.
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The majority of the individuals was in good general health and did not have any other cardiac
risk factors. The dental hygiene was evaluated to analyze the general hygiene and physical
condition as the dental care and oral hygiene is believed to be a general indicator of personal
hygiene and health care practices, including access to and use of health care services (DeStefano
1993). In concordance, our series shows that the better the dental care, the higher the disease
awareness and vice versa.

Most individuals were from average sized families, with a mean of 4 siblings and from an
equivalent social and financial status. Heritability for RF among Egyptians has been reported
trough a positive family history in around one-third of the cases, suggesting a possible genetic
contribution (Settin 2006). However, other reports show a positive family history ranging up to
14% (Mahmudi 2006, Dajani 1992), which is more in concordance with our own results.

Our data confirms that the burden imposed by RF is present throughout the life course, with a
peak in the age group 5 to 15 with a median of 10 years and cases presenting up to the age of 44.
Although all age groups may be affected, an elevated number of cases is known to occur among
school-age children between the ages of 5 and 15 (Smith 1989, Falck 1992, Steer 2009, Thakur
1996) with a median age of 10 years and only 20% of the cases occuring in adults. Surprisingly,
RF was also reported under the age of 3, and 18% of our patients were younger than 5 years at
the time of the first RF attack (Chin 2010).

The majority of the RF attacks were reported in the last 12 and 24 months, showing that the
population on prophylaxis had a recent diagnosis of RF and were shortly on penicillin
prophylaxis, with a mean of 21 months. Only a small fraction of the individuals reported RF a
longer time ago, suggesting therefore that the longer ago RF was diagnosed the more probable it

was that patients had withdrawn from the prophylaxis.

The most prominent symptom of RF found in our series was arthritis which is not surprising as it
is believed that up to 88% of the affected children display this symptom (Khriesat 2003), which
tends to occur early in the disease course and is frequently the presenting complaint (Feinstein

1962). Importantly, in adolescents and adults, arthritis is often the sole major manifestation on
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which the diagnosis is based since carditis and chorea are less common in first attacks occurring
in these age groups. In our study population only 3.7% of the individuals reported episodes of
carditis while 30 to 80% of the individuals affected are believed to develop carditis which causes
heart damage with pericardial, myocardial and endocardial involvement followed by progressive
and permanent valvular lesions leading to RHD (Mahmudi 2006, Dajani 1992, Carapetis 2007).
Sydenham chorea and erythema marginatum (Vijayalakshmi 2005) were scarcely represented
and subcutaneous nodules which are currently an infrequent manifestation of RF were totally
absent in our series (Massell 1958, Khriesat 2003, Rosenthal 1968, Tani 2003, Chockalingam
2004, Canter 2004). Erythema marginatum is believed to have become irrelevant as a major
criterion as it has shown a very low incidence in different studies and has therefore, been
suggested to be replaced by abnormal echocardiographic findings in the Jones Criteria. This
sounds encouraging as we believe that early and precise diagnosis of carditis in acute rheumatic
fever, though difficult, is very important in preventing the development of RHD and the

following morbidity and mortality.

Importantly, the age at the time of the first RF attack seems to influence the clinical presentation,
as older patients reported less fever and pharyingitis as the initial symptoms. Nevertheless,
studies from other endemic areas show a different distribution of the RF symptoms, with carditis
being the most common clinical manifestation seen in up to 81% of the cases (Khriesat 2003,
Mahmudi 2006), followed by arthritis (69%) (Mahmudi 2006) and a more abundant incidence of
chorea, seen in up to 42% and nodules in 15% of the individuals (Commerford 2006).

In our series only 51.64% of the individuals screened would have been diagnosed with RF
following the current Jones Criteria while 87.8% had a positive history of RF. Most of them
would be diagnosed by the presence of polyarthritis, fever and history of pharyngitis while the
majority of the individuals were diagnosed by the presence of fever in combination with one
major criterion. Therefore, it seems that in Egypt, the most sensitive criteria is the presence of
polyarthritis in combination with history of fever and pharyngitis and that strict adherence to the
Jones criteria may result in underdiagnosis and lack of treatment of patients with RF and at risk

of developing RHD.
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We have used pharyngitis rather than arthralgia as a diagnostic criterion as we were assessing the
history of RF retrospectively and symptoms of arthralgia would have been missed as they are
easier to forget than the pharyngitis. Furthermore, history of an antecedent sore throat 1-5 weeks
prior to onset of RF is present in up to 78% of older children and young adults (Mahmudi 2006,
Guilherme 2009%).

Our series shows a history of an antecedent sore throat in 65.5% and polyarthritis in 87.9% of the
individuals screened suggesting a high incidence of individuals that do not recall the initial
pharyngitis. The morbidity caused by polyarthritis seems to draw attention and allows detection
of most of the initial episodes of RF as well as recurrences in the community setting. It is also
believed that when carditis is the only clinical manifestation, patients typically seek health care
much later in the course of the disease (Narula 1999). It has also been noted that patients with
severe arthritis or carditis are the ones who most often seek medical attention (Loeffler 1995)
and that patients with mild rheumatic carditis alone are less likely to be symptomatic or to seek

medical attention.

We also ignored the requirement of evidence of previous streptococcal infection as this was a
retrospective study and most of the individuals screened did not have a medical record or reports
on the medical history or laboratory findings.

Females and younger patients reported more often recurrences, while patients that reported a
longer interval since the first RF attack tended to have less recurrence. Importantly, diagnosis on
basis of valvular affection was more often made in patients who did not report recurrences of RF
than in those who had RF recurrences. Therefore, recurrences seem to lead to awareness and
recognition of the disease before affection of the heart. Nevertheless, a positive family history of
RF seems to raise awareness as it leads to more diagnosis made based on the RF symptoms.
Importantly, one quarter of the population screened had been diagnosed with RF trough cardiac
symptoms and affection of the heart which seemed to lead to an increased presence of history of
previous interventions. One prominent risk factor therefore was a low disease awareness, which

resulted in more diagnosis based on cardiac symptoms rather than RF symptoms. Furthermore,
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individuals that reported the first RF attack a longer time ago had more often a history of

previous cardiac interventions, showing progression of the disease.

Although the compliance to the penicillin prophylaxis is known to be insufficient varying from
40 to 86% in previous reports (Kumar 1997, Saran 1985, Ravisha 2003) our study population
reported regular penicillin prophylaxis regimens and a good compliance. However, we lack the
methods of monitoring the penicillin prophylaxis regimen used and the compliance as there are
no registries or data on the patients on prophylaxis or follow-up. Adherence to penicillin
prophylaxis was found to be dependent on the history of RF and the disease awareness, as
individuals with history of RF and better disease awareness are more often on regular regimens.
The results presented on a compliance rate to the prophylactic regimen in two-thirds of the
patients (Bassili 2000) is comparable to earlier studies in Alexandria, Egypt, bearing in mind that
we assessed a population visiting the hospital for their prophylaxis and we lack data on the total
of patients frequenting the clinic and the amount of patients that withdraws from or neglects their
prophylactic regimen. Nevertheless, it is estimated that more than seven-tenths of patients with
established RHD do not receive secondary prophylaxis (Strasser 1981). However, older age at
the time of screening, lower disease awareness and a longer time since the RF attack were found
to be risk factors for a lower compliance to the prophylaxis. Furthermore, older patients also
tended to be more often on 21-day penicillin regimen than younger individuals.

Regular prophylaxis with 3 or 4 weekly benzathine penicillin injections is perhaps more realistic
but for high-prevalence regions 3- or even 2-weekly penicillin is recommended (WHO 2004,
Kassem 1992, Kassem 1996). It has been stated that penicillin has clearly failed to eradicate this
disease process (Kaplan 2005) but in fact, this may be caused by the lack of precise diagnosis
and use and adherence to penicillin prophylaxis, rather than the failure of penicillin
(Vijayalakshmi 2005).

We found that more than half of the individuals reported recent recurrences of the RF attack,
while on penicillin prophylaxis with the advised schedule of injections every 15-days (Kassem
1992, Kassem 1996). In Alexandria recurrences were seen in one-third of the patients with non-

compliance to the prophylaxis being the significant risk factor. However, in our series,
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compliance did not seem to affect the presence of recurrences, although cessation of the
penicillin prophylaxis was found to be a risk factor for recurrences (Kassem 1992). Treatment of
streptococcal pharyngitis with penicillin has been shown to markedly reduce the incidence of
initial attacks of RF and to dramatically reduce recurrences of RF (Stollerman 1955,
Wannamaker 1951), however, the main questions regarding secondary prevention remain on
which regimen to use, how long to give it, and whether all patients required the same vigor and
duration of prophylaxis (Narula 1999).

We have succeeded in building a registry of the patients visiting the NHI penicillin clinic for
regular follow-up and monitoring of the compliance to the penicillin prophylaxis. We hope
hereby to enhance the disease awareness and increase the compliance to the penicillin regimen.
This will also allow us to monitor the development or progression of the valvular affection and
lesions for early recognition and treatment of RHD. However, one of the study limitations is the
fact that this study cohort only reflects those who seek secondary prophylaxis at the NHI, which
undoubtedly under-represent the number of individuals affected, receiving prophylaxis elsewhere

and specially those neglecting prophylaxis.

5.5 Conclusions

This series confirms that there are considerable variations in the prevalence of the symptoms and
clinical manifestation of RF in different areas and age groups which shows the need for a
validation of the criteria in different regions where the disease is common and still endemic. The
diagnosis of RF based on symptomatology remains difficult as there is no gold standard
diagnostic feature and the clinical manifestations tend to vary. This shows the need for revision
of the Jones Criteria, which might be misdiagnosing disease in many countries, and better
diagnostic methods, based on more specific laboratory tests and objective findings.

Nevertheless, in Egypt the initial episode of RF is often unnoticed in a substantial proportion of
children, and arthritis tends to be reported less often than expected. Consequently, secondary
prophylaxis is often not initiated. Furthermore, there is only limited enforcement of secondary

prophylaxis and the penicillin injections are frequently missed. Therefore, recurrences are very
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common, and may contribute to the rapid progression to advanced valvular RHD. The majority
of the individuals screened had a poor awareness of the disease and although most of them had a
positive history of RF they did not know the risks, complications, possibility of sequelae and
treatment and prophylaxis requirement and need. It is believed that the disease awareness affects
the treatment seeking profile and attitude and the use and compliance to the penicillin
prophylaxis and that the success of secondary prophylaxis is critically dependent on patient
education. In our series, adherence to penicillin prophylaxis was found to be dependent on the
history of RF and the disease awareness, as individuals with history of RF and better disease
awareness are more often on regular regimens, showing that lower disease awareness is a risk
factor for non-compliance to the penicillin prophylaxis.

Overall, the volume and pattern of cases challenge the common assumption that RF presents
predominantly in children, however our study shows onset of RF in young adults and adults in
Egypt RF, being also characterized by considerable variations in the prevalence of the symptoms
and a high tendency to recur even in patients following regular prophylactic programs.

In conclusion, our study confirms that RF is a notifiable condition, and highlights the persistent
burden of newly diagnosed cases within the Egyptian population showing that RF remains one of
the major public health problems in Egypt. However, no measure has been taken till date to
ensure that cases are enrolled in registers and are offered secondary prophylaxis with regular
penicillin injections. It remains to the patient and patient’s responsibles to comply to the
penicillin regimen while secondary prophylaxis is a cost-effective and proven intervention for
the prevention of progression of RHD. This is worrying as the majority of individuals has a poor
awareness and knowledge of the disease and are not aware of the importance and need for
secondary prophylaxis, leading therefore to insufficient compliance to the penicillin regimen.
The presented results show the urgent need for the registration of RF and RHD cases in high
burden countries, as a measure to ensure control of the disease through the implementation of
registry based secondary prophylaxis programs to improve the compliance to the penicillin
prophylaxis.

This data has important clinical and public health implications for Sub-Saharan Africa, the wider

African continent, and other parts of the world where RF and RHD are endemic. In conclusion,
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this study provides important insights into the still large and complex burden of RF within the
Egyptian community, supporting the statements that RF and RHD are of sufficient importance to
warrant urgent attention of the national and international public health and research community.
Nevertheless, the found results are irrefutable proof of the need for more laboratory,

epidemiological, and clinical research.
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6.1 Background

The prevalence and distribution of the different manifestations of RHD show geographical
variation with some affections being more reported in some areas. In Egypt, a high percentage of
schoolchildren have clinical evidence of cardiac valvular damage due to RHD, nevertheless, the
prevalence of subclinical RHD in a population with history of RF is still unknown. Since there is
a high incidence of RF and RHD in the Egyptian population, there is likely a high prevalence of
subclinical and undiagnosed RHD with a different pattern of manifestation including higher
prevalence of mitral stenosis, which might be a sign of a fast progression from mitral
regurgitation to stenosis showing a severe course of the disease. A high rate of progression of
subclinical valvular lesions has been shown in different series (Meira 2005) while also
reversibility of the valvular lesions has been reported in patients who adhere to antibiotic
prophylaxis (Chin 2010, Marijon 2007). However, the determining and influencing factors as
well as the long-term outcome of subclinical RHD are still unknown.

The aim of this study was to analyze the manifestation and pattern of RHD in a population with
history of RF in an area where data on regard RF and RHD is completely lacking and determine
the early echocardiographic signs and features of subclinical valvular damage. This will lead to
the development of a screening protocol and comprehensive criteria for the detection of
subclinical RHD and early management of patients at risk of developing permanent, progressive
and chronic valvular lesions. We also aimed to evaluate the progress and reversibility of
subclinical valvular lesions in a population with history of RF to determine the long-term
outcome of RHD as well as the determinant factors in Egypt.
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6.2 Diagnosis of RHD

6.2.1 Introduction

Cardiac involvement in RF and RHD is often established by finding of a new murmur of mitral
or aortic insufficiency. Nevertheless, doppler echocardiography improves the detection of
carditis without overt evidence of valvular or other cardiac involvement (Marijon 2007,
Carapetis 2008), detecting clinically silent RHD 10 times more than clinical examination.
Echocardiography is therefore the golden standard tool for diagnosing and characterizing valve
lesions and detection of rheumatic carditis and subclinical RHD (Veasy 1993, Veasy 1994,
Wilson 1995). However, there are no universally agreed criteria for the echocardiographic
diagnosis of RHD and definition of cardiac involvement based on functional characteristics may
depend on the gain settings on the ultrasound equipment, therefore, we hypothesized that the use
of Doppler criteria for abnormalities associated with structural valve changes will improve the
specific diagnosis of RHD (Marijon 2007) and is better suited for screening for subclinical RHD.
This study aims to analyze the characteristics and pattern of rheumatic cardiac affection and
features in a population with history of RF. We hypothesized that echocardiographic diagnosis of
subclinical RHD is superior and more specific than clinical diagnosis and detection of a murmur.
We therefore aimed to evaluate the diagnostic rate, sensitivity and specificity of both methods
for early diagnosis of subclinical RHD to be used for screening purposes for the diagnosis and
better management of individuals with subclinical valvular damage which might progress to
permanent and chronic valvular lesions (RHD).

The different diagnostic criteria in use were compared and analyzed with the aim to evaluate and
validate the development of useful and comprehensive echocardiographic criteria for the early
detection of subclinical RHD and purpose a new classification of characteristics of valvular
affection and lesions in RHD that could be used in screening purposes as well as clinical

diagnosis and management of patients.

140

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

6.2.2 Participants and methods
The study population consisted of individuals visiting the outpatient clinic or admitted at the
Cardio-thoracic department of the NHI, Imbaba, Cairo as described in chapter 3, pg 75:

¢ Group I: -Individuals with a positive history of RF visiting the centre for penicillin
prophylaxis with or without cardiac involvement
-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

¢ Group II: Patients admitted for RHD and scheduled for valve replacement.

Examination protocol

The screened individuals underwent a standardized examination protocol consisting of detailed
medical history recorded by the investigator, physical examination including general analysis of
the patients’ health, recognition of Jones criteria and careful cardiac auscultation with the patient
in the supine and left lateral decubitus positions.

Disease manifestations and auscultatory findings were evaluated according to internationally
approved criteria, including the published data from World Health Organization (WHO 1988,
Figueroa 1992). Detailed transthoracic echocardiography was performed with the use of a hand-
carried, battery operated echocardiographic system (Vivid i, General Electric) with M-mode,
two-dimensional, and Doppler (pulsed, continuous, and color) imaging. The following were
obtained: apical two-, four-, and five-chamber views, parasternal long-axis and short-axis views
at the level of the papillary muscles and the aortic valve and subcostal views.

Particular attention was paid to valve morphology on cross-sectional, two dimensional imaging
and the degree and extent of mitral and aortic regurgitation, assessed by color flow Doppler
imaging. The apical imaging included anterior angulation to evaluate the left ventricular outflow
tract and the aortic valve. Transvalvular flow was assessed by measuring the peak velocity with
continuous wave Doppler imaging. Hard copies with detailed location and type of lesions
(Appendix V, page 3) and electronic records of relevant data were kept for offline re-evaluation.
The echocardiographic study was performed by the candidate and two blinded experienced
cardiologists reviewed the records. The diagnosis of RHD was accepted when there was

agreement of at least two cardiologists, including the researcher.
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Echocardiographic criteria

Only left-sided valves were evaluated for features of RHD as affection of the right sided valves
is fairly common and not related to the condition (Lembo 1988, Kostucki 1986, Lembo 1988,
Yoshida 1988). RHD was diagnosed by the different echocardiographic diagnostic criteria as

following:

Criteria 1 (WHO 2004): (1) a regurgitant jet >1 cm in length, (3) seen in at least 2 planes, (3) a

mosaic color jet with a peak velocity >2.5 m/s, (4) persisting throughout systole or diastole

Criteria 2 (Carapetis 2008): (1) valvular regurgitation (meeting all four criteria defined by the
WHO) with evidence of structural changes to valve appearance: (a) valvular thickening (b)
elbow deformity of the anterior mitral valve leaflet (2) any degree of pathological aortic
regurgitation (3) mitral stenosis (flow acceleration and a mean pressure gradient > 4 mmHg) (4)

aortic stenoses (flow acceleration with peak velocity > 2 m/s)

Criteria 3 (Marijon 2007): any degree of valvular regurgitation seen in at least 2 planes
accompanied by at least two of the following three structural abnormalities of the regurgitant
valve: (1) leaflet morphology (typical marked thickening of the margins), (2) leaflet mobility
(abnormal motion due to the posterior leaflet tip restriction), and (3) subvalvular apparatus
morphology (prominent thickening, most often just below the valve, and shortening of chordal

structures)

Criteria 4 (AHC criteria): The suggested criteria for the diagnosis of RHD consists of the
presence of any Doppler-detected valvular affection of the right-sided valves in association with
at least one structural rheumatic valvular feature (as extensively described in chapter 3, pg. 90).
Regurgitation should be defined as pathological when meeting all four criteria defined by the
WHO (Table 1.3), however, including trivial affection. Mitral stenosis should diagnosed in case
of flow acceleration across the mitral valve and a mean pressure gradient greater than 4 mmHg.
Similarly, flow acceleration across the aortic valve with a peak velocity greater than 2 m/s is

necessary for diagnosis of aortic stenosis.
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The structural criteria should be based on the study of (1) quantitative leaflet morphology
(typical marked thickening of the margins, greater than 4mm), (2) leaflet shortening with
abnormal motion due to the posterior leaflet tip restriction), and (3) subvalvular apparatus
morphology (prominent thickening, most often just below the valve, and shortening of chordal

structures).

Statistical analysis

The statistical analysis was performed as descrived in chapter 3, pg 95.

6.2.3 Results
A total of 639 individuals were screened, excluding individuals with a history of valve

replacement.

6.2.3.1 Echocardiographic screening

Structural findings

Our series showed that 85.6% (n=534) of the individuals assessed had structural affection of the
heart valves. 28.4% (n=177) had 1 abnormality of the heart valves and 24.0% (n=150) had a
combination of 2 different abnormalities of the valves.
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No structural Structural
affection affection

Figure 6.1 Structural affection

Thickening of the heart valves and subvalvular thickening was found in 79.6% (n=497) and
27.8% (n=173) of the individuals, respectively. Doming was found in 46.6% (n=291) of the
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individuals. The commissures were affected in 7.9% (n=49) of the cases. Calcification was found
in 3.5% (n=22) and restriction of the heart valves was found in 30.4% (n=190) of the cases
(Table 6.1).

Table 6.1 Incidence of structural features

Type of feature % (n)
Thickening of valve cusps 79.6% (n=497)
Doming of valve cusps 46.6% (n=291)
Fusion of subvalvular apparatus 27.8% (n=173)
Fusion of commissures 7.9% (n=49)
Calcification 3.5% (n=22)
Fixed leaflets 30.4% (n=190)

FR 53Hz
14cm

20

Figure 6.2Thickening of the
mitral leaflets and subvalvular
apparatus in a parasternal long-
axis view

FR 55Hz
13cm

Figure 6.3 Thickening of the mitral leaflets
in an apical four-chamber view
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FR 58Hz
12cm

Figure 6.5 Thickening and doming of the mitral valve in parasternal long-axis view

Functional affection

A significant amount of the individuals (73.4%, n=458) had functional affection of the right
sided valves. Mitral valve affection was found in 27.7% (n=173) of the individuals and 14.9%
(n=93) had affection of the mitral and the aortic valve. The aortic valve was affected in 2.4%
(n=15) of the cases. Affection of the mitral, aortic and tricuspid valve was found in 16% (n=100)

of the individuals (Figure 6.2)
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Figure 6.6 Distribution of valve affection

Mitral valve: Mitral regurgitation was found in 64.6% (n=402) of the cases. Trivial regurgitation
was found in 23.1% (n=144) and mild regurgitation was found in 21.8% (n=136) of the
individuals. Moderate and severe mitral regurgitation was found in 6.7% (n=42) and 11.9%

(n=74), respectively (Figure 6.9).

FR 16Hz
12cm

Figure 6.7 Mitral regurgitation in a parasternal long-axis view
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Figure 6.8 Mitral regurgitation in a apical four-chamber view
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Figure 6.9 Severity of mitral regurgitation
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Figure 6.10 Severe mitral
regurgitation in a parasternal
long-axis view

147

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

Mitral stenosis was found in 26.4% (n=165) of the cases. Trivial mitral stenosis was found in
0.3% (n=2) of the cases. Mild and moderate mitral stenosis was found in 5.8% (n=36) and 5.0%

(n=31) of the cases, respectively. Severe mitral stenosis was found in 14.9% (n=93) of the cases.

FR 58Hz
12cm

2D
62%
C 50
P Low
HGen

FR 58Hz
12cm

2D
62%
C 50
P Low

HGen

+ Area 0.852 cm?

Figure 6.12 Mitral valve area in a parasternal short-axis view
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Figure 6.14 Restricted flow through stenotic mitral valve (parasternal and apical four-chamber
view)
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Figure 6.15 Gradient across a stenotic mitral valve (apical four-chamber view)
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Figure 6.16 Severity of mitral stenosis
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Figure 6.17 Distribution of mitral affection

Isolated mitral regurgitation was found in 22.8% (n=142) of the cases, isolated mitral stenosis
was found in 2.24% (n=14) of the cases. Part of all mitral regurgitation (35.3%, n=142) and
8.49% (n=14) of all mitral stenosis cases were isolated. A combination of mitral regurgitation

and stenosis was found in 3.36% (n=21) of the cases (Figure 6.18).
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Figure 6.18 Mitral functional affection (MR= Mitral regurgitation, MS= Mitral Stenosis)

Aortic valve: Aortic regurgitation and stenosis was found in 31.4% (n=196) and 9.8% (n=61) of
the cases, respectively.
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Figure 6.19 Thickening of the
aortic valve in a parasternal
long-axis view

FR 15Hz
13cm

Figure 6.20 Aortic
regurgitation in a
parasternal long-axis view

Figure 6.21
Determination of severity
by analysis of the
magnitude of the
regurgitant jet in aortic
root in M-mode
(parasternal long-axis
view)
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Figure 6.22 Distribution of aortic affection

Isolated aortic regurgitation was found in 2.56% (n=16) and isolated aortic stenosis was not
found. A combination of isolated aortic regurgitation and aortic stenosis was found in 0.48%
(n=3) of the cases. A small fraction (8.16%, n=16) of all aortic regurgitation found was isolated.
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Figure 6.23 Aortic functional affection (AR= Aortic regurgitation, AS= Aortic Stenosis)
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Figure 6.24 Measurement of
aortic valve area in a
parasternal long-axis view

+ Dist 2.16cm
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Figure 6.25 Detail: Determination of
aortic valve area in thickened and
stenotic valve (parasternal long-axis
view)

+ Dist 1.73cm

FR S0Hz
15¢cm

Figure 6.26 Determination of
aortic valve area in relation to
aortic root for determination of
the severity of stenosis
(parasternal long-axis view)
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Tricuspid valve: Tricuspid regurgitation was found in 32.4% (n=202) and isolated tricuspid
affection without functional affection of any other valves was found in 3.8% (n=24) of the cases.
The majority of the cases were trivial (14,3%, n=89) while 9.3% (n=58) and 5.1% (n=32) were
mild or moderate, respectively. A small number of the tricuspid regurgitation cases (1.8%, n=11)
were found to be severe. Tricuspid stenosis was found in 1.1% (n=7) of the cases and no isolated
tricuspid stenosis was found.

FR 25Hz
14cm
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Figure 6.28 Tricuspid regurgitation in an apical four-chamber view
FR 19Hz

WF 225Hz

+ Vel 295 cm/s
PG 35 mmHg

Figure 6.29 Gradient across regurgitant tricuspid valve in an apical four-chamber view

Table 6.2 Distribution of valvular affection

Mitral Aortic Tricuspid
% (n) % (n) % (n)
Isolated 27.7% (n=173) 27.7% (n=173)
Regurgitation Stenosis Regurgitation Stenosis Regurgitation Stenosis
64.6% (402)  26.4 (165) 31.4 (196) 9.8% (61) 32.4 (202) 1.1(7)
Trivial 23.1 (144) 0.3(2) 6.9 (43) 0.2 (1) 14.3 (89)
Mild 21.8 (136) 5.8 (36) 18.0 (56) 2.7 (17) 9.3 (58)
Moderate 6.7 (42) 5.0 (31) 4.8 (30) 2.1(13) 5.1(32)
Severe 11.9 (74) 14.9% (93) 10.4 (65) 46(29) 1.8(11)
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6.2.3.2 Evaluation of newly developed echocardiographic diagnostic criteria

Prevalence of subclinical RHD following the different diagnostic criteria

Following our echocardiographic criteria (criteria 4, AHC criteria) which combines functional
and structural features (as described in chapter 3, pg. 89) for the diagnosis of RHD, 69.2%
(n=432) of the individuals were diagnosed with RHD (Figure 6.30).
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Figure 6.30 Incidence of valvular affection by the AHC criteria

Following criteria 1 (WHO 2004), which is based on the finding of mitral and/or aortic
regurgitation 46.7% (n=291) would be diagnosed with RHD.

Following criteria 2 (Carapetis 2008) a total of 54.6% (n=340) would be diagnosed with RHD of
which 25.9% (n=88) would have been diagnosed by the presence of pathological aortic
regurgitation, aortic or mitral stenosis. However, 33.2% (n=113) of the individuals diagnosed by
the criteria had pathological aortic regurgitation, aortic or mitral stenosis in combination with
structural affection. A small number (0.8%, n=5) of the individuals would be diagnosed with
borderline RHD in this criteria.

Following criteria 3 (Marijon 2007) which combined valvular regurgitation with at least 2
structural signs a total of 40.6% (n=253) individuals would be diagnosed with RHD. A
combination of at least 2 of the structural findings but no functional affection was found in
44.6% (n=278) of the individuals (Figure 6.31).

157

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

80% -

60% -

40% -

20% -

0% T T T 1
criteria 1 criteria 2 criteria 3 criteria 4

WHO 2004 Carapetis 2008 Marijon 2007 AHC criteria

Figure 6.31 Diagnosis of RHD following the different criteria

6.2.3.3 Clinical versus echocardiographic diagnosis of subclinical RHD
The majority (81.1%, n=515) of the individuals screened did not have an audible cardiac murmur

and only 18.9% (n=120) had a murmur (Figure 6.32).
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Figure 6.32 The presence of a cardiac murmur in the screened population

None of the individuals with only structural affection of the heart valves had a murmur. From the
individuals with functional affection of the heart valves only 17.9% (n=113) had a murmur. The

majority of the individuals (82.1%, n=519) did not have a murmur and would not have been
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diagnosed by auscultation only (Figure 6.33). This shows a 4.6-fold increase of detection rate of

functional lesions by echocardiography when compared to clinical examination.
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Figure 6.33 The presence of a cardiac murmur in combination with functional affection of the
heart valves

From the individuals diagnosed with RHD following our echocardiographic criteria only 17.1%
(n=108) had a murmur. The majority of the patients diagnosed with RHD (82.9%, n=524) did
not have a murmur (Figure 6.34). This shows a 4.85-fold increase of detection rate of RHD by

echocardiography when compared to clinical examination.
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Figure 6.34 The presence of a cardiac murmur in patients diagnosed with RHD
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6.2.4 Discussion

In our series only a minority of the individuals with functional affection of the heart valves and
none of the individuals with isolated structural affection of the heart valves had a murmur.

From the individuals diagnosed with RHD following our echocardiographic criteria only 17.1%
had a murmur, showing that 82.9% of the individuals diagnosed with RHD by echocardiography
would have been missed if assessed by auscultation only. Based on these results we can conclude
that functional affection of the heart valves and the presence of RHD is diagnosed 4.6 and 4.85
times more often by echocardiography than clinically, respectively. This is caused by the fact
that murmurs are missed even by experienced clinicians due to many factors like the associated
tachycardia, noisy surrounding, low intensity of the murmur (Saxena 2000) and the fact that mild
valvular regurgitation is subclinical and in the acute phase, even moderate mitral or aortic
regurgitation may not be clinically audible. Furthermore, Doppler echocardiography is more
sensitive and more accurate in diagnosing valvular involvement in acute RF (Vijayalakshmi
2009) as it can detect significant valvar incompetence in the absence of auscultatory findings,
during both the acute and the quiescent phases of the disease (Veasy 1993, Veasy 1994, Wilson
1995, Folger 1992).

Previous reports mention that around 40% of the mitral regurgitation and subclinical RHD cases
and over 80% of the aortic regurgitation would have been missed when assessed only clinically
(Vijayalakshmi 2008). Screening based only on auscultation is therefore likely to miss many
cases of RHD (Carapetis 2008) and comprehensive echocardiographic assessment has been
shown to identify approximately 10 times as many children with RHD as the traditional strategy
of clinical screening (Marijon 2007). Our series shows a lower detection benefit with
echocardiography probably due to the fact that the lesions found in earlier studies were milder,
leading to a greater discrepancy between the prevalence reported by echocardiography and by
auscultation (Carapetis 2008). Furthermore, the fact that we assessed a population with history of
RF and expected to have a higher incidence of more prominent valvular affection might have
also contributed to the presence of murmurs related to pathology. This suggests that that the
detection rate by echocardiography will increasingly exceed the auscultatory findings in the
screening of RHD.
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Our criteria diagnosed 69.2% of the screened population with RHD, while the detection by the
other criteria ranged only up to 54.6%. This might be due the fact that Criteria 1 and 2 exclude
trivial regurgitation and miss therefore all trivial and milder functional affection of the valves
compared to our criteria. Bearing in mind that 31.7% of the individuals screened had isolated
trivial mitral regurgitation we can conclude that this criteria is not suitable for the diagnosis of
subclinical RHD, which needs the best identification, as it is the most probable type of affection
benefitting from treatment and prophylaxis. Although criteria 2 includes structural features for
the diagnosis of RHD, these features were not required in the presence of regurgitation of mild or
greater severity. This could lead to over-diagnosis of RHD in an older population where a higher
incidence of functional valvular affection is expected.

In criteria 2 the presence of aortic regurgitation, mitral or aortic stenosis were considered to
indicate RHD while excluding structural features. We believe that aortic regurgitation, mitral or
aortic stenosis are indeed signs of RHD, but we think that they will be found in combination with
structural affection and therefore, it is unneeded to create a separate criterion.

Criteria 1 and 3 do not include stenotic lesions in the diagnostic criteria while it is known that
mitral and aortic stenosis are mainly caused by RHD, especially in the young population and our
series shows isolated mitral and aortic stenosis in 5.8% and 2.4% of the cases. This could suggest
that a great amount of RHD cases expressed by stenotic lesions would be missed in these criteria.
Furthermore, in criteria 3 a combination of 2 structural features was required for the diagnosis of
RHD. Our series shows that cardiac affection was mostly related to the finding of only 1 single
structural feature, suggesting that the requirement of a combination of 2 structural features will
cause under-diagnosis of especially mild and subclinical cases, which require treatment and
prophylaxis the most for a possible reversibility of the lesions. Our series confirms that case
detection may differ importantly according to the diagnostic criteria utilized (Marijon 2009).
Furthermore, based on these results we believe that all criteria under-diagnose RHD, specially
mild and subclinical cases, which are mostly expected to resolve with proper treatment and

prophylaxis.

Echocardiographic definition of RHD based on functional characteristics may depend on the gain

settings on the ultrasound equipment, therefore, the use of Doppler criteria for abnormalities
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associated with structural valve changes would be expected to improve the specific diagnosis of
RHD (Marijon 2007). Also, criteria based on structural changes as defined in the combined
criteria may be more likely to suggest chronic RHD lesions and is believed to improve the
detection of children with subclinical RHD but without significant valve regurgitation who
would not be eligible for secondary RHD prophylaxis under current international guidelines. The
WHO criteria may be easier to use, however this set of criteria seems to suffer from a
substantially lower sensitivity. In conclusion, adding structural features to diagnostic criteria has
significant consequences in terms of case detection rates and the combined criteria seems to be

better suited for screening of subclinical RHD.

Screening with sensitive and specific echocardiographic criteria for subclinical and valvular
affection is highly important as it is a relatively common condition in RF (Tubridy-Clark 2007,
Figueroa 2001) and RHD remains the main origin of heart valve disease in different areas.
Therefore, significant subclinical valve lesions should be diagnosed and labelled and affected
individuals should have long-term follow-up and secondary rheumatic fever prophylaxis (WHO
2004). However, the boundary between physiological valve regurgitation and authentic but
minimal rheumatic lesions remains difficult to discern as valvular regurgitation is fairly
common, showing prevalences of 2.4 to 45% for mitral (Shah 1989, Lembo 1988), up to 33% for
aortic (Shah 1989, Lembo 1988), 6.3 to 95% for tricuspid (Lembo 1988, Kostucki 1986) and
21.9 to 92% for pulmonary regurgitation (Lembo 1988, Yoshida 1988).

Furthermore, subvalvular or valvular thickening and any other structural affection of the valve
may develop before the leaflet retraction and thereby regurgitation, noting that structural changes
of valves affected by the rheumatic inflammatory process, even before the development of
pathological regurgitation likely indicate subclinical RHD, which might benefit from
identification and thence secondary prevention (Marijon 2007). Adding structural features to
criteria definition has been shown to increase case detection rates by up to 3-fold (Marijon 2009),
leading to significant consequences in terms of case detection rates, follow-up and use of
penicillin prophylaxis and thus for eventual health and long-term outcomes of RHD.
Therefore, we confirm the benefit and need for the use of a combined criteria, evaluating

structural and functional features of the valve, adding to the importance of different features,
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contributing to improvement and updating the criteria for the diagnosis of RHD to avoid under as

well as over diagnosis of the condition.

6.2.5 Conclusions

Screening based only on auscultation is likely to miss many cases of pathological valvular
lesions due to RHD compared with echocardiographic screening in Egypt. Echocardiography is
not only more sensitive and more accurate in confirming, diagnosing and quantifying valvular
involvement in RF as it is essential for establishing the cause of the murmur. Furthermore, it is of
immense value in ruling out infective endocarditis in patients with RF and RHD.

Importantly, in Eygpt, around 90% of cases of RHD are clinically silent, occurring in
asymptomatic individuals without audible murmurs, suggesting that echocardiographic screening
would be a desirable goal to optimize case identification and targeted secondary prevention
measures. Detection of lesions is important especially because those with mild and subclinical
disease stand to benefit most from secondary prophylaxis. Therefore, we confirm that
echocardiography should be the diagnostic golden standard and screening tool as it is the only
approach with sufficient sensitivity and specificity for the detection of subclinical carditis and
RHD in the absence of auscultatory findings and overt evidence of valvular or other cardiac
involvement, during both the acute and the quiescent phases of the disease. However, there are
no universally agreed criteria for the echocardiographic diagnosis of RHD and the currently
criterias in use differ and show different detection rates for the affected individuals.

We confirm the benefit of a criteria which combines structural and functional characteristics of
RHD, and we have contributed to the improvement of the criteria which increases the detection
of rheumatic valvular affection, avoiding under- as well as over-diagnosis of the condition. The
use of the suggested stringent criteria will have major health care benefits as early recognition
and diagnosis limits the progression to chronic subclinical valvular disease and improves the

prognosis of RHD with adherence to secondary penicillin prophylaxis regimens.
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6.3 Subclinical RHD in individuals with history of RF in EgyptThe aim of this study was to
analyze the incidence, characteristics and determinants of RHD in a population with hstory of
RF.

6.3.1 Patients and methods

Individuals visiting the penicillin or outpatient clinic of the NHI were assessed for the diagnosis
of RHD and determination of the echocardiographic characteristics as described in chapter 3, pg
75.

The study group consisted of:
-Individuals with a positive history of RF visiting the centre for penicillin prophylaxis with
or without cardiac involvement

-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

Demographic data

Demographic data from every subject selected were collected in the form of a standardized
questionnaire (Appendix V). The questionnaire contains questions regarding the patient’s
demographics, family environment, risk factors, history of RF, its severity, treatment and
prophylaxis.

Issues regarding the onset age of RF, symptoms, severity, presence of recurrences of RF,
medication and penicillin prophylaxis were questioned on the history of RF and the presence of
symptoms to confirm the presence of RF and clinical presentation. Penicillin prophylaxis
schedule was divided into 3 categories, following the most used and prescribed schedules for
penicillin prophylaxis, every 15 days, 3 weeks or monthly. Compliance rate for the penicillin
prophylaxis was evaluated by asking the patient about the schedule, how often he ignored or
postponed the injection date and if he was strict to the schedule. Compliance was then also be
evaluated in relation to the schedule. A schedule of less than 9 injections a year was considered
poor. A schedule of 9 to 12 injections a year was considered fair, while an excellent compliance
rate was more than 12 injections a year. Many individuals were receiving prophylaxis for the

first time therefore questions on schedule and compliance was not applicable.
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The disease awareness as classified in 3 categories evaluated on the patients’ knowledge of the
RF history, symptoms and penicillin prophylaxis. The disease awareness was also be evaluated
by the amount and type of questions answered on the knowledge of RF and RF history. The
disease awareness was evaluated as poor when the patient had no knowledge of the reason for
penicillin prophylaxis. When the patient was aware of RF or the valvular damage, and knew that
penicillin is a way of prophylactic prevention but did not know the link between RF and the
valvular damage the awareness was evaluated as fair. The patient’s awareness was evaluated as
good when he was also aware of the correlation between RF and cardiac disease (RHD). The
same scale was used for the parents’ awareness. Dental care was evaluated during collection of

throat swabs by the general condition of the mouth and teeth.

Examination protocol

The screened individuals underwent a standardized examination protocol consisting of detailed
medical history recorded by the investigator, physical examination including general analysis of
the patients’ health, recognition of Jones criteria and careful cardiac auscultation with the patient
in the supine and left lateral decubitus positions.

Disease manifestations and auscultatory findings were evaluated according to internationally
approved criteria, including the published data from World Health Organization (WHO 1988,
Figueroa 1992). Detailed transthoracic echocardiography was performed with the use of a hand-
carried, battery operated echocardiographic system (Vivid i, General Electric) with M-mode,
two-dimensional, and Doppler (pulsed, continuous, and color) imaging. The following were
obtained: apical two-, four-, and five-chamber views, parasternal long-axis and short-axis views
at the level of the papillary muscles and the aortic valve and subcostal views.

Particular attention was paid to valve morphology on cross-sectional, two dimensional imaging
and the degree and extent of mitral and aortic regurgitation, assessed by color flow Doppler
imaging. The apical imaging included anterior angulation to evaluate the left ventricular outflow
tract and the aortic valve. Transvalvular flow was assessed by measuring the peak velocity with
continuous wave Doppler imaging. Hard copies with detailed location and type of lesions

(Appendix V, page 3) and electronic records of relevant data were kept for offline re-evaluation.

165

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

The echocardiographic study was performed by the candidate and two blinded experienced
cardiologists reviewed the records. The diagnosis of RHD was accepted when there was
agreement of at least two cardiologists, including the researcher.

Echocardiographic criteria

Our suggested criteria for the diagnosis of RHD consists of the presence of any Doppler-detected
valvular affection of the right-sided valves in association with at least one structural rheumatic
valvular feature as described in chapter 3, pg. 86. Regurgitation should be defined as
pathological when meeting all four criteria defined by the WHO (Table 1.3). However, including
trivial affection. Mitral stenosis should diagnosed in case of flow acceleration across the mitral
valve and a mean pressure gradient greater than 4 mmHg. Similarly, flow acceleration across the
aortic valve with a peak velocity greater than 2 m/s is necessary for diagnosis of aortic stenosis.
The structural criteria should be based on the study of (1) quantitative leaflet morphology
(typical marked thickening of the margins, greater than 4mm), (2) leaflet shortening with
abnormal motion due to the posterior leaflet tip restriction), and (3) subvalvular apparatus
morphology (prominent thickening, most often just below the valve, and shortening of chordal
structures) (Table 3.2).

6.3.2 Results

A total of 495 individuals were recruited at the NHI penicillin clinic, excluding the individuals

assessed at the cardiothoracic surgery department and/or with a history of valve replacement.
6.3.2.1 Demography

Age: The mean age was 20.66 years and the median was 20.66 years (Figure 6.35).

Gender: There was a slight female predominance (52.3%, n=259) with a male to female ratio of
1:1,1.
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Figure 6.35 Age at the time of screening

Social factors: The number of siblings ranged up to 12, but most individuals came from families

with a mean of 3.7 siblings and had good dental care.

Medical history: The majority had no cardiac risk factors and only a small fraction (2.0%, n=10)
reported other risk factors like diabetes, atrial fibrillation or hypertension.

Family history: The majority of the individuals had a negative family history for cardiac diseases
and RF. A small fraction of patients (6.0%, n=42) did not know if there was RF in the family.

Disease awareness: Most individuals had fair disease awareness. A small fraction of the
individuals (2.7%, n=19) were too young to answer the questions on the disease awareness. A
total of 182 parents were questioned about their child’s health condition and the majority had a

fair awareness of the disease.
Previous interventions: A small amount of the individuals had a history of previous interventions

(5.3%, n=26), including balloon valvuloplasty, mitral valve repair and valve replacement. The

intervention date from 3 months to 19 year (5.04 + 4.95).
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Table 6.3 Table of demographics

% (nr) Mean + SD range

Age 20.66 + 10.61  3-59
Sex

Male 47.4% (n=236)

Female 52.3% (n=259)
Nr of siblings 3.69 +2.04 0-12
Dental care

Poor 4.8% (n=23)

Fair 45.1% (n=218)

Good 50.1% (n=242)

Family history for cardiac
diseases
Positive
Negative
Family history for RF
Positive

7.9% (n=36)
92.1% (n=417)

21.4% (n=97)

Negative 78.6% (n=356)
Other risk factors

Yes 2.0% (n=10)

No 98.0% (n=483)
Disease awareness

Poor 36.1% (n=168)

Fair 38.4% (n=179)

Excellent 25.5% (n=119)

Parents disease awareness
Poor
Fair
Excellent

26.4% (n=48)
41.8% (n=76)
31.9% (n=58)

6.3.2.2 Echocardiographic characteristics

Structural affection

Our series showed that 81.6% (n=396) of the individuals assessed had structural affection of the
heart valves. 36.1% (n=175) had 1 abnormality of the heart valves and 27.0% (n=131) had 2
different abnormalities of the valves. Thickening of the heart valves and subvalvular thickening
was found in 74.2% (n=360) and 25.4% (n=123) of the individuals, respectively. Doming was
found in 33.8% (n=164) of the individuals. The commissures were affected in 4.3% (n=21) of
the cases. Calcification was found in 0.8% (n=4) and restriction of the heart valves was found in
14.8% (n=72) of the cases (Figure 6.36).
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Figure 6.36 Incidence of structural features

Most individuals (66%, n=320) had functional affection of the right sided valves. Affection of
the mitral valve was found in 33.2% (n=161) of the individuals and affection of the mitral and
the aortic valve was seen in 12.8% (n=62). The aortic valve was affected in 2.5% (n=12) of the

cases. Affection of the mitral, aortic and tricuspid valve was found in (5.6%, n=27) of the

individuals.
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Figure 6.37 Distribution of functional affection of the valves
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Mitral regurgitation was found in 58.7% (n=284) of the cases and mitral stenosis was found in
13.4% (n=65) of the cases.
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Figure 6.38 Incidence of functional affection of the valves

Isolated mitral regurgitation was found in 49.2% (n=238) of the cases, isolated mitral stenosis
was found in 3.9% (n=19) of the cases. A combination of mitral regurgitation and stenosis was
found in 9.5% (n=46) of the cases.
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Figure 6 39 Distribution of mitral valve affection
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Figure 6.40 Distribution of the severity of mitral valve affection

Aortic regurgitation and stenosis was found in 20.6% (n=100) and 2.1% (n=10) of the cases,
respectively. Isolated aortic regurgitation and aortic stenosis was found in 20% (n=97) and 1.4%
(n=7) of the cases, respectively. A combination of aortic regurgitation and aortic stenosis was
found in 0.6% (n=3) of the cases.
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Figure 6.41 Distribution of aortic valve affection
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Figure 6.42 Distribution of the severity of aortic valve affection

Tricuspid regurgitation was found in 22.9% (n=111) of the cases. The majority of the cases were
trivial (14.3%, n=69). Isolated tricuspid regurgitation, without the presence of any other
functional affection of the heart valves was found in 3.8% (n=24) of the individuals. Tricuspid

stenosis was not found in this series.
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Figure 6.43 Distribution of the severity of tricuspid valve affection

172

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

6.2.2.3 Incidence of RHD
The majority of individuals had structural as well as functional affection of the heart valves
Figure 6.44). Following the suggested echocardiographic diagnostic criteria 60.6% (n=294) of

the individuals screened would be diagnosed with RHD.
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Figure 6.44 Incidence of heart pathology
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6.4 Echocardiographic characteristics of RHD
6.4.1 Patients and methods

Echocardiographic data of individuals recruited at the penicillin clinic and cardiothoracic
department of the NHI in Cairo as described in chapter 3, pg. 75 and diagnosed with RHD were
analyzed to define the echocardiographic characteristics of RHD. The echocardiograhic findings
in the different groups analyzed (chapter 6.2, pg. 122 and 6.3, pg. 136) were compared for the

evaluation of the echocardiographic characteristics specific for RHD.

6.4.2 Results

In total, 69.2% (n=432) of the individuals screened at the NHI penicillin clinic, were diagnosed
with RHD.

6.4.2.1 Demography

Age: The mean age of the individuals diagnosed with RHD was 25.44 years and the median was
22.0 years (Figure 6.45).
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Figure 6.45 Age at the time of screening
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Gender: There was a slight male predominance (51.4%, n=222) with a male to female ratio of

1:1,06.

Social factors: The number of siblings ranged up to 14, but most individuals came from families

with a mean of 4.26 siblings and had fair dental care.

Medical history: The majority had no cardiac risk factors and only a small fraction (2.3%, n=10)

reported other risk factors like diabetes, atrial fibrillation or hypertension.

Family history: The majority of the individuals had a negative family history for cardiac diseases

and RF.

Table 6.4 Profile of patients diagnosed with RHD

% (nr) Mean + SD range
Age 2543+12.74 4-63
Sex
Male 51.4% (n=222)
Female 48.6% (n=210)

Nr of siblings 426 +£231 0-14
Dental care

Poor 4.3% (n=18)

Fair 51.8% (n=218)

Good 43.9% (n=185)
Family history for cardiac diseases

Positive 6.7% (n=26)

Negative 93.3% (n=363)
Family history for RF

Positive 18.3% (n=71)

Negative 81.7% (n=318)
Other risk factors

Yes 2.3% (n=10)

No 97.7% (n=418)
Disease awareness

Poor 47.8% (n=203)

Fair 31.3% (n=133)

Excellent 20.9% (n=89)
Parents disease awareness

Poor 31.3% (n=48)

Fair 35.4% (n=35)

Excellent 33.3% (n=33)
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Disease awareness: Most individuals had poor disease awareness. A total of 116 parents were
questioned about their child’s health condition and 31.3% (n=48) showed a poor disease

awareness of the disease.

Diagnosis: Most individuals was diagnosed by the presence of RF symptoms (63.3%, n=273), while

36.7% (n=158) were diagnosed by cardiac symptoms or affection.

Recurrences: Most individuals reported recurrences of the RF attacks 55.6%, n=200) with the
majority of the attacks reported in the last 3 to 4 weeks (98.5%, n=192), while 28.7% (n=56)

reported recurrence in the last week.

Previous interventions: A small amount of the individuals had a history of previous interventions
(6.3%, n=27), including balloon valvuloplasty, mitral valve repair and valve replacement. The
intervention date from 6 weeks to 20 year (6.98 + 4.97).

Penicillin prophylaxis: The majority of individuals were on penicillin prophylaxis (82.4%,
n=342). The most common prophylaxis schedule was reported to be every 15-day (66.2%,
n=215), while a 21-day and monthly prophylaxis routine was reported in 12.3% (n=40) and
21.5% (n=70), respectively. Good compliance to the penicillin prophylaxis was reported in
48.2% (n=157) of the cases, while 33.7% (n=110) and 18.1% (n=59) reported a fair or poor
compliance, respectively.

6.4.2.2 Echocardiographic characteristics

Structural affection

Thickening of the heart valves and subvalvular thickening was found in 95.4% (n=412) and
38.5% (n=166) of the individuals, respectively. Doming was found in 56.5% (n=244) of the
individuals. The commissures were affected in 11.1% (n=48) of the cases. Calcification was
found in 5.1% (n=22) and restriction of the heart valves was found in 43.3% (n=187) of the

cases.
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Figure 6.46 Incidence of structural features

Functional affection
Isolated mitral valve affection was seen in (35.6%, n=154) and 20.8% (n=90) had affection of
the mitral and the aortic valve. The aortic valve was affected in 3.0% (n=13) of the cases. A

combination of mitral, aortic and tricuspid valve affection was seen in 23.1% (n=100) of the

individuals.
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Figure 6.47 Distribution of functional affection of the valves
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Figure 6.48 Incidence of functional valvular affection

Tricuspid Tricuspid
Regurgitation Stenosis

Mitral valve: Mitral regurgitation was found in 86.8% (n=374) of the cases and mitral stenosis
was found in 38.2% (n=165) of the cases. Most of the cases had trivial (28.8%, n=124) while
17.2% (n=74) had severe mitral regurgitation. Severe mitral stenosis was seen in 21.6% (n=93)

of the cases, while 8.4% (n=36) and 7.2% (n=31) had mild and moderate stenosis, respectively.

Figure 6.49 Severity of mitral valve affection
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Aortic valve: Aortic regurgitation and stenosis was found in 44.0% (n=190) and 14.1% (n=61) of
the cases, respectively. Severe aortic regurgitation was seen in 15% (n=65) of the cases, while
13.0% (n=56) and 6.9% (n=30) had mild and moderate regurgitation, respectively. Severe aortic
stenosis was seen in 6.7% (n=29), while mild and moderate stenosis was seen in 3.0% (n=13)
and 3.9% (n=17) of the cases.
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Figure 6.50 Severity of aortic valve affection

Tricuspid valve: Tricuspid regurgitation was found in 40.7% (n=176) of the cases. The majority
of the cases were trivial (16.5%, n=71). Mitral stenosis was seen in 1.6% (n=7) of the cases.
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Figure 6.51 Severity of tricuspid regurgitation

179

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

6.4.2.3 Evaluation of echocardiographic findings

When comparing the echocardiograhic findings in the different groups we notice an increase in

the incidence of all structural features and mixed lesions in the RHD group as shown in Figure

6.31 and Figure 6.32.
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Figure 6.52 Distribution of structural affection among the groups
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*Total= total group assessed, Screening= individuals screened at the penicillin prophylaxis,

RHD= patients diagnosed with RHD
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Figure 6.53 Distribution of valvular affection among the groups
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In the group diagnosed with RHD there was an increase in functional affection of all valves
(Figure 6.54).
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Figure 6.54 Distribution of valvular functional affection among the groups

The severity of the all functional lesions increased significantly in the group diagnosed with
RHD, especially when compared with the group diagnosed with RHD at the penicillin clinic
(Figure 6.55).
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Figure 6.55 Distribution of severity of mitral regurgitation among the groups
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The distribution of the severity of the different functional lesions are shown in the figures below.
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Figure 6.56 Distribution of severity of mitral stenosis among the groups
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Figure 6.57 Distribution of severity of aortic regurgitation among the groups
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Figure 6.58 Distribution of severity of aortic stenosis among the groups

6.4.3 Discussion

The vast majority of the individuals screened had structural as well as functional affection of the
heart valves. An increased thickness of the valvular leaflets was the commonest feature found,
with a prevalence ranging up to 74.2% in the group screened at the penicillin clinic and 83.8% in
the total screened population in concordance with earlier reports on cardiac affection as a result
of RF (Vijayalakshmi 2008). However, in the group diagnosed with RHD it ranged up 95.4%,
suggesting that valvular thickening seems to be a universal structural feature in RHD,
highlighting the clinical meaning of this finding during echocardiography. Features like doming
of the valvular leaflets, calcification and restriction of the valvular apparatus were more common
in the cohort and in individuals with RHD when compared to the individuals at the penicillin
clinic. Single and isolated structural features were more prevalent in the group screened at the
penicillin clinic, however, in the complete cohort and individuals with RHD combinations of
structural features were more common. Therefore, the presented results suggest that the amount
and combination of structural features increases with progression of the disease in combination

with an increase of lesion severity, showing that the cardiac affection is progressive.

In our series, the mean age of the individuals diagnosed with RHD was 25.44 with a median of
22.0 years, which is in concordance with the expectations as the peak age for RHD has been
183

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

reported to be 20 to 40 years, with the highest prevalence expected to be in individuals aged 15-
35 years. (White 2010) Furthermore, RHD is the most frequent cause of heart disease among 5 to
30 year olds, and RF and RHD are responsible for approximately 25-40% of all cardiac hospital
admissions in some areas, being also the most common causes of death in this age group
(Markowitz 1981).

Subclinical carditis or valvular affection is known to be relatively common in RF (Tubridy-Clark
2007, Figueroa 2001) and approximately 90% of cases of RHD are believed to be clinically
silent. In our series, RHD was diagnosed in 60.6% of the individuals with history of RF visiting
the NHI penicillin clinic for their penicillin prophylaxis. The mitral valve was predominantly
affected with regurgitation being the most common lesion showing an incidence of 64.6% in the
total cohort and 86.8% in the patients diagnosed with RHD. This was in concordance with the
reported affection of the mitral valve which ranges up to 98% (Woo 1983, Reddy 2004) and
mitral regurgitation ranging up to 94% (Ransome 1988, Marijon 2007, Ayoub 1995, Park Myung
1996, Brook 1996, Tandon 2000, Carapetis 2008, Ramakrishnan 2009).

Mitral stenosis ranged up to 38.2% of RHD patients and 26.4% in the total group which is in
concordance with some of the earlier studies reporting incidences of 11.0% (Tandon 2000) to
20% (Longo-Mbenza 1998). However, incidences have been reported to range up to 50%
(Carapetis 2008, Ramakrishnan 2009). The discrepancy between the reported incidences of
mitral regurgitation and stenosis might be due to age differences between the groups studied, as
regurgitant lesions are more common in the young particularly in the early stages of the disease
while stenosis is seen with progression of the disease. Nevertheless, most of the studies reporting
the prevalence of the different valvular affection were performed on a population presenting with
RHD, while a significant amount of the individuals assessed in our series had less severe
valvular affection and were asymptomatic being diagnosed only by screening for subclinical
RHD rather than clinical valvular disease.

Aortic regurgitation was found in around one-third of the individuals in the cohort similarly in
concordance to earlier reports (Reddy 2004, Sliwa 2010, Woo 1983) while isolated aortic
regurgitation, without functional affection of any other valves was rare as expected (Reddy

2004). The absence of isolated aortic stenosis in our series is not surprising, bearing in mind that
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it is believed to be a rare condition (Ayoub 1995, Park Myung 1996, Brook 1996, Tandon 2000,
Sliwa 2010). However, there was a significant increase of aortic regurgitation and aortic stenosis
in the group diagnosed with RHD, showing also an increased severity of the lesions.

Tricuspid regurgitation was found in one-third of the cases with isolated tricuspid affection
without functional affection of any other valves in 3.8% of the cases. However, tricuspid
regurgitation was found in 40.7% of the individuals diagnosed with RHD, which is lower than
the earlier reported affection ranging up to 56% (Tandon 2000, Reddy 2004).

The second most common finding in the individuals screened was combined affection of the
mitral and aortic valves. Nevertheless, combined affection of the mitral, aortic and tricuspid was
the second most common affection in the group diagnosed with RHD. Affection of both mitral
and aortic valves is seen in around 27% of the RHD cases (Routray 2003, Reddy 2004)
especially as combined mitral and aortic valve regurgitation while isolated mitral regurgitation or
stenosis is relatively uncommon (Oli 2004) showing that mixed lesions and affection of several
valves is more prevalent than isolated lesions in RHD (Reddy 2004). The incidence of the
combined affections in our series is lower than reported earlier due to the fact that this study
evolves a significant amount of subclinical and milder conditions, but shows a similar ranking
(Vasan 1996, Routray 2003, Reddy 2004). An increase of mixed lesions as well as severity of the
functional affection is found in the group diagnosed with RHD, suggesting that the more

advanced the disease, the more valves affected with also increase in severity of the lesions.
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6.5 Prognosis
The aim of this study was evaluation of the progression and/ or resolution of the valvular lesions
for the determination of the long term prognosis under the influence of several possible

prognostic determinants.

6.5.1 Patients and methods

The patients recruited in the penicillin clinic of the NHI in Cairo (as described in chapter 3, pg.
75) were reassessed 6 months after the first examination for the evaluation of the lesions,

progression and/ or resolution of the cardiac condition.

The study group consisted of:
-Individuals with a positive history of RF visiting the centre for penicillin prophylaxis with
or without cardiac involvement

-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

6.5.2 Results

A total of 167 individuals were reassessed after the initial recruitment at the penicillin
prophylaxis clinic of the National Heart Institute during the follow-up, excluding the individuals

assessed at the cardiothoracic surgery department and/or with a history of valve replacement.

6.5.2.1 Characterization of the Patients

Age: The age ranged from 5 to 46 with a meant SD of 19.26+8.99 years (Figure 6.59).

Gender: There was a slight male predominance, the disease awareness was ranged trough the 3

categories and the parents’ awareness was generally fair.
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Figure 6.59 Age at the time of follow-up

Table 6.5 Patient demographics in the follow up group

% (nr) Mean £ SD  range
Age 19.26£8.99  5-46
Sex
Male 53.7% (n=88)
Female 46.3% (n=76)

Disease awareness

Poor 31.6% (n=49)

Fair 37.4% (n=58)

Excellent 31% (n=48)
Parents disease awareness

Poor 25% (n=16)

Fair 40.6% (n=26)

Excellent 34.4% (n=22)
History for RF

Positive 93.3% (n=153)

Negative 6.7% (n=11)
Age at time of RF 9.42+5.23 1-28
How long ago (mnth) 40.26+£74.63 1-432
Family history for RF

Positive 22.9% (n=36)

Negative 77.1% (n=121)
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Figure 6.60 Age at the time of RF onset
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Figure 6.61 Date of RF onset
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Follow-up time: Follow-up examinations were performed 7 to 12 months after the initial

examination (median 8 moths). Nine patients were seen 3 times in a period ranging from 17 to 24
months (mean= 22.33 months + SD= 2.40).
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Figure 6.62 Date of start penicillin prophylaxis

Penicillin prophylaxis: The most common penicillin prophylaxis schedule was 15-day, followed
by the monthly prophylaxis routine. A fraction of the patients (17.7%, n=29) was no longer on
penicillin prophylaxis. The majority of them had stopped the penicillin prophylaxis in the last 6
months (59.3%, n=15). Most patients (59.3%, n=80) reported excellent compliance to the
prophylaxis regimen (Table 6.5).
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Table 6.6 Follow-up

% (nr) Mean+SD  range

Follow-up time 11.53+7.23 2-24
2-6 months 15.2% (n=25)
7-12 months 51.2% (n=84)
13-24 months 33.5% (n=55)
Penicillin prophylaxis

Yes 82.32% (n=135)

No 17.7% (n=29)
Prophylaxis schedule

15-day 69.6% (n=94)

21-day/ 3 weeks 9.6% (n=13)

1-month 20.7% (n=28)
Start date prophylaxis 27.14+61.33 0-432
Prophylaxis cessation time 1.88+10.34  0-120
Compliance

Poor 7.4% (n=10)

Fair 33.3% (n=45)

Excellent 59.3% (n=80)

6.5.2.2 Echocardiographic findings
The majority of individuals had structural as well as functional affection of the heart valves
(Figure 6.70), with the most common structural feature being thickness of the valve cusps

(Figure 6.63) and mitral regurgitation the most common functional feature (Figure 6.65).

Structural affection

Our series showed that 56.9% (n=95) of the individuals assessed during follow-up had structural
affection of the heart valves. Most (49.5%, n=47) of the individuals with structural affection had
1 abnormality of the heart valves while 40.0% (n=38) had 2 different abnormalities of the valves.
A small number of individuals (2.1%, n=2) had 5 different structural features.

Thickening of the heart valves and subvalvular thickening was found in 50.9% (n=85) and 10.2%

(n=17) of the individuals, respectively. Doming was found in 17.4% (n=29) of the individuals.
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The commissures were affected in 1.2% (n=2) of the cases. Calcification was found in 0.6%

(n=1) and restriction of the heart valves was found in 15.1% (n=25) of the cases.
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Figure 6.63 Incidence of structural features

Functional affection

Functional affection of the right sided valves was found in 61.1% (n=102) of the individuals.
From the individuals with functional affection of the valves 63.4% (n=71) had mitral valve
affection and 12.5% (n=14) had affection of the mitral and the aortic valve. The aortic valve was
affected in 1.8% (n=2) of the cases. Affection of the mitral, aortic and tricuspid valve was seen in
2.7% (n=3) of the individuals. Mitral regurgitation was found in 61.1% (n=102) of the cases and

mitral stenosis was found in 3.6% (n=6) of the cases.
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Figure 6.64 Distribution of functional affection of the valves
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Figure 6.65 Incidence of functional affection of the valves

Isolated mitral regurgitation was found in 42.5% (n=71) of the cases, isolated mitral stenosis was
found in 0.6% (n=1) of the cases. A combination of mitral regurgitation and stenosis was found
in 1.2% (n=2) of the cases.
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Figure 6.66 Distribution of mitral affection
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Figure 6.67 Severity of mitral affection

Aortic regurgitation was found in 12% (n=20) of the cases. No aortic stenosis was found in this

series. Isolated aortic regurgitation was found in 1.2% (n=2) of the cases.

193

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

0.8% -
0.7% -
0.6% -
0.5% -
0.4% -
0.3% -
0.2% -
0.1% -

0-0% T T T 1
Trivial Mild Moderate Severe

Figure 6.68 Severity of aortic regurgitation

Tricuspid regurgitation was found in 15.6% (n=26) of the cases. The majority of the cases were
trivial (46.2%, n=12). 30.8% (n=8) and 23.1% (n=6) were mild or moderate, respectively.
Tricuspid stenosis was not found in this series.
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Figure 6.69 Severity of tricuspid regurgitation

RHD
Combination of structural and functional affection leading to the diagnosis of RHD was seen in
41.9% (n=70) of the individuals. From the individuals diagnosed with RHD 58.6% (n=41) were
males and 37.7% (n=29) were females.

194

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

80% -
60% -
40% -
20% -

0% r r f
Morphological Functional Combination of
features characteristics both

Figure 6.70 Incidence of heart pathology

6.5.2.3 Evaluation of echocardiographic findings

A part of the individuals (15%, n=25) continued free of structural affection at the time of follow-
up while 25.1% (n=42) of the individuals continued free of functional affection at the time of
follow-up and 37.1% (n=62) of the individuals continued free of RHD at the time of follow-up.

Development of lesions: A small fraction of the individuals (4.8%, n=8) had developed structural
affection at the time of follow-up and 10.8% (n=18) of the individuals had developed functional
affection at the time of follow-up. A small fraction of the individuals (5.4%, n=9) were newly

diagnosed with RHD at the time of follow-up.

Maintenance of lesions: 52.1% (n=87) of the individuals had sustained the structural affection
found during the first assessment at the time of the follow-up. Most individuals (50.3%, n=84)
had sustained the functional affection found during the first assessment at the time of the follow-
up and 36.5% (n=61) of the individuals sustained the diagnosis of RHD found during the first

assessment at the time of the follow-up.

Reversibility of lesions: In 28.1% (n=47) of the individuals assessed the structural affection had
resolved. In 13.8% (n=23) of the individuals assessed the functional affection had resolved.
In 21% (n=35) of the individuals assessed the characteristics leading to the diagnosis of RHD

had resolved.
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Figure 6.71 Results of follow-up

6.5.3 Discussion

Most individuals assessed during follow-up had structural or functional affection of the heart
valves and the mitral valve was mostly affected, in the form of mitral regurgitation. Combination
of structural and functional affection leading to the diagnosis of RHD was diagnosed in 41.9% of
the individuals, with a male predominance in this group.

The follow-up time was 7 to 12 months, which is believed to be a fair latent period to reassess
the development or reversibility of the valvular affection and Doppler echocardiographic
findings over time and the majority of the individuals was still on penicillin prophylaxis,
reporting a 15-day regimen and an excellent compliance to the prophylaxis program.

The outcome of subclinical carditis is not well established, however progression of the rheumatic
valvular lesions to chronic subclinical valvular disease is around 82% (Meira 2005) while
persistence or deterioration of subclinical carditis has been reported to be up to 44.7% at 3-23
months after diagnosis (Tubridy-Clark 2007) and around 60% after five years of follow up in
spite of continuous penicillin prophylaxis and no evidence of recurrent disease (Figeroa 2001). In
our series, half of the individuals assessed sustained structural and functional affection while
over one third of the individuals assessed sustained the characteristics leading to the diagnosis of
RHD. Development of valvular involvement was seen in only a small number of patients.

Reversibility of the lesions leading to the diagnosis of RHD was seen in 21% of the cases which
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is lower than the reversibility reported ranging up to 60-80%, with adherence to antibiotic
prophylaxis (Chin 2010). However, isolated structural or functional affection were more often
sustained than the combination of both and functional affection was more prone to develop than
the structural affection. Importantly, structural affection was seen to resolve more often than the
functional affection. Therefore, individuals were more likely to show reversibility of the

diagnosis of RHD mainly due to the disappearance of structural affection.

6.6 Determinants of RHD

Variables that seem to correlate with severity of valve disease include the number of previous
attacks of rheumatic fever, the length of time between the onset of disease and start of therapy,
and gender. RHD has been reported to be more severe in females than in males (Cole 1976,
Longo-Mbenza 1998, Mahmudi 2006) and repeated episodes of RF are believed to lead to
further inflammatory damage and subsequent scarring of cardiac valves (Veasy 1997, Majeed
1992). Meanwhile, reversibility has been reported with insufficiency from acute rheumatic valve
disease resolving in 60-80% of patients who adhere to antibiotic prophylaxis (Chin 2010).
However, other, additional influencing factors have not yet been reported, therefore, this study

aims at defining the determinants of RHD in Egypt.

6.6.1 Patients and methods
The population recruited at the penicillin clinic and cardiothoracic department of the NHI in
Cairo was evaluated as described in chapter 3, pg. 78 to determine the factors influencing RHD.

The study population consisted of:
¢ Group I: -Individuals with a positive history of RF visiting the centre for penicillin
prophylaxis with or without cardiac involvement
-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

+ Group II: Patients admitted for RHD and scheduled for valve replacement.
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6.6.2 Results

In total, we analyzed the data of 639 individuals, excluding individuals with a history of valve

replacement.

Age: The individuals that had structural (p=0.002) as well as functional (p=0.00) and RHD
affection (p=0.00) of the cardiac valves tended to be older at the time of screening.

All individual with functional affection tended to be older at the time of assessment. The
significance was as follows: mitral regurgitation (p=0.00), mitral stenosis (p=0.00), aortic
regurgitation (p=0.00), aortic stenosis (p=0.00), tricuspid regurgitation (p=0.00), tricuspid
stenosis (p=0.002). Furthermore, individuals that developed functional or RHD affection of the
heart valves tended to be younger at the time of follow-up (p=0.021 and p=0.045, respectively)
while individuals that sustained characteristics of RHD at the time of follow-up tended to be

older at the time of screening (p=0.037).

Gender: There was a slight female predominance (50.8%, n=269) in the group diagnosed with
structural affection (p=0.033) while there was a slight predominance of males (50.5%, n=231) in
the group diagnosed with functional affection (p=0.011) and RHD (51.3%, n=221) (p=0.004)
(Figure 6.72).
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Figure 6.72 Difference in affection between the gender
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Affection of the mitral and aortic valve was more common in females, found in 41.9% (n=98)
and 4.3% (n=10) of the females while a combination of mitral and aortic valve 24.9% (n=60) and
aortic and tricuspid valve affection (1.7%, n=4) was more common among males (p=0.036)
(Figure 6.73).

50% -

40% A

30% -
M male

20% -
m female

10% -

0% T T T T T T 1
Mv Av Tv Mv + Av Mv + Tv Av + Tv Mv + Av +
Tv

Figure 6.73 Distribution of valvular affection by gender

There was a slight male predominance in the maintenance of the functional affection (59.8%,
n=52) and characteristics of RHD (44.8%, n=39) during follow-up (p=0.020 and p=0.032,
respectively). Nevertheless, there was a female predominance (45.5%, n=35) in the individuals

that did not have characteristics of RHD during the first assessment and follow-up (p=0.017).

Family history: No correlation was found between structural affection and family history of RF.
Affection of mitral (51.9%, n=41) as well as a combination of the mitral and aortic valve
affection (25.3%, n=20) was more common in patients with a positive family history of RF
(p=0.001).

In patients with a negative family history of RF the most common affections were of the
tricuspid valves (5.4%, n=19), a combination of mitral and tricuspid valve (16.9%, n=60) and
mitral and aortic and tricuspid valve (21.8%, n=77). However, no correlation was found between

a family history of RF and the presence of functional or RHD affection.
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Figure 6.74 Distribution of valvular affection by history of RF

History of RF: The majority of the individuals diagnosed with structural affection (86.6%,
n=459) as well as well functional affection (84.7%, n=387) had a positive history of RF (p=0.041
and p=0.00, respectively). Furthermore, the majority of the individuals (84.2%, n=363)
diagnosed with RHD had a positive history of RF (p=0.00) (Figure 6.75).

Single valve lesions were more common in patients with history of RF, while combinations of
lesions were more common among patients without history of RF.

Only 10.7% (n=11) of the individuals that did not undergo tonsillectomy and 28.6% (n=12) of
the individuals that did undergo tonsillectomy did not have structural affection of the heart
valves during the first assessment as well as the follow up (p=0.007). The majority of the
individuals diagnosed with structural affection (80.0%, n=381) did not undergo tonsillectomy
(p=0.050). Only a small fraction of the individuals diagnosed with RHD had undergone
tonsillectomy (18.3%, n=72). The majority of the individuals diagnosed with RHD (81.7%,
n=322) did not undergo tonsillectomy (p=0.006). No correlation was found between functional
affection and tonsillectomy.

No correlation was found between functional affection nor the diagnosis of RHD and the
presence of carditis. However, 16.7% (n=2) of the individuals without history of RF and 3.9%

(n=6) of the individuals with history of RF had newly developed structural affection of the heart
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valves during follow-up (p=0.049). A small fraction of the individuals with no history of RF
(8.3%, n=1) and 38.2% (n=58) of the individuals with history of RF did not have
echocardiographic characteristics of RHD during the first and follow-up assessment (p=0.038).

90% -
80% -
70% -
60% -
50% -  no history of RF
40% -
30% -
20% -
10% -
0% T T T
morphological functional RHD
affection affection

| history of RF

Figure 6.75 Valvular affection in the presence of RF history

Age of RF: The individuals that had structural affection of the valves tended to be older at the
time of the first RF attack (p=0.031). They also reported a longer time since the RF attack
(p=0.00). Furthermore, individuals that remained having structural affection at the time of
follow-up also reported RF longer time ago (p=0.032) while individuals that showed regression
of the structural affection tended to report the RF attack a shorter time ago (p=0.050).
Importantly, individuals with mitral stenosis were older at the time of the first RF attack
(p=0.004). The individuals that had functional affection of the valves reported a longer time
since the RF attack (n=0.00). Furthermore, individuals with mitral regurgitation (p=0.031),
mitral stenosis (p=0.00), aortic regurgitation (p=0.012), aortic stenosis (p=0.00) and tricuspid
regurgitation reported RF longer time ago (p=0.004).

Recurrences: Most individuals with functional affection (56.8%, n=218), structural (57%,
n=260) or RHD characteristics of the heart valves (55.6%, n=200) reported recurrences of RF
(p=0.042, (p=0.006) and p=0.008, respectively). Most individuals that did not report recurrences
of the RF symptoms (47.6%, n=30) were diagnosed with RHD during the first as well as the
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follow up assessment while 28.9% (n=26%) of the individuals that reported recurrences were

diagnosed with RHD at the time of the first as well the follow-up assessment (p=0.018).

Type of diagnosis: The majority of the individuals diagnosed with structural affection (68.7%,
n=364) were diagnosed by the RF symptoms while 31.3% (n=166) of the individuals were
diagnosed by the cardiac symptoms. From the individuals diagnosed with RF symptoms 18.1%
(n=25) did not have structural affection of the valves during the first assessment and follow-up
(p=0.018). Most individuals diagnosed with functional affection (65%, n=297) were diagnosed
by the RF symptoms while 35% (n=160) of the individuals were diagnosed by the cardiac
symptoms. Nevertheless, the majority of the individuals diagnosed with RHD (63.3%, n=273)
were diagnosed by the RF symptoms while 36.7% of the individuals were diagnosed by the
cardiac symptoms. However, a fraction of the individuals reportedly diagnosed by cardiac
symptoms, had no signs of structural (4.5%, n=4), functional (6.2%, n=10) or RHD affection
(6.4%, n=12) on echocardiography and 7.7% (n=2) of the individuals diagnosed by cardiac
symptoms remained of functional or RHD affection during the first assessment as well as follow-
up compared to 26.8% (n=37) and 41.3% (n=57) of the individuals diagnosed by RF symptoms
(p=0.001, respectively).

Sustenance of functional affection during follow up was seen in 69.2% (n=18) of the individuals
diagnosed due to cardiac symptoms and 47.8% (n=66) of the individuals diagnosed by the RF
(p=0.045). The RHD characteristics found during the first assessment resolved in 38.5% (n=10)
of the individuals diagnosed by cardiac symptoms and in 18.1% (n=25) of the individuals
diagnosed by RF characteristics (0.020).
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Figure 6.76 Distribution of valvular lesions by diagnosis

Penicillin prophylaxis: The majority of the individuals with structural (83.4%, n=427) as well as
functional affection of the heart valves (82.5%, n=363) were on penicillin prophylaxis. On the
other hand, the majority of the individuals on penicillin prophylaxis had structural (84.2%,
n=427) or functional (71.6%, n=363) affection of the heart valves. Furthermore, the majority of
the individuals not on penicillin prophylaxis were diagnosed with structural (93.4%, n=85) or
functional affection (84.6%, n=77) of the heart valves (p=0.021 and p=0.010, respectively)
(Figure 6.77).

The majority of the individuals diagnosed with RHD (82.4%, n=342) were on penicillin
prophylaxis. Most (67.5%, n=342) individuals on penicillin prophylaxis had a diagnosis of RHD
while 32.5% (n=165) had not. Nevertheless, 80.2% (n=73) of the individuals not on penicillin
prophylaxis were diagnosed with RHD (p=0.015). However, individuals that showed
development of RHD at the time of screening tended to have a 21-day or monthly penicillin
schedule (p=0.028).

Newly developed functional affection was found in 33.3% (n=4) of the individuals not on
penicillin prophylaxis and in 9.2% (n=14) of the individuals on penicillin (p=0.010). However,
there was no correlation between the penicillin schedule and compliance and the presence of

structural, functional or RHD affection of the heart valves.
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Individuals with mitral and aortic stenosis tended to be less compliant to the penicillin
prophylaxis (p=0.00 and 0.002, respectively) while individuals with tricuspid regurgitation and
those that had developed structural affection at the time of follow-up tended to have a 21-day or

monthly penicillin schedule (p=0.01 and p=0.020, respectively).
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Figure 6.77 Effect of penicillin prophylaxis on valvular affection

Follow-up time: Individuals that sustained structural affection at the time of follow-up tended to
have a longer follow-up time (p=0.023) while individuals that showed regression of the structural
affection (p=0.014) or development of functional affection of the heart valves tended to have a

shorter follow-up time (p=0.011).

6.6.3 Discussion

Variables that have been reported to correlate with severity of valve disease include the number
of previous attacks of rheumatic fever, the length of time between the onset of disease and start
of therapy, and gender. However, in our series, younger patients seemed to be more at risk for
the development of structural, functional and RHD features while older patients are more at risk
of sustaining the found RHD features which might have been developed at a younger age.

Furthermore, it seems that RF attacks at a younger age are a risk factor for the development of

204

Rheumatic Heart Disease in Egypt



Chapter 6 Clinical characteristics & determinants of RHD in a hospital based study in Egypt

RHD. Nevertheless, mitral stenosis was more common in individuals reporting an older age at
the time of the first RF attack.

There was a slight female predominance in the group diagnosed with structural affection of the
heart valves while there was a male predominance in the individuals diagnosed with functional
lesions and RHD. Single valve lesions of the mitral or aortic valve were seen more often among
females, while males tended to have combinations of valvular affection. Nevertheless, males
tended to sustain functional features as well as the diagnosis of RHD suggesting a more severe
course in males in contradiction with earlier reports of an increased severity in females with
higher incidence of mitral stenosis and cardiac affection (Cole 1976, Longo-Mbenza 1998,
Mahmudi 2006).

Mitral valve or a combination of mitral and aortic valve affection was more common in patients
with a positive family history of RF, while in patients with a negative family history there was
more affection of the tricuspid valve, alone or in combination with mitral and/or aortic valve.
This could indicate that familiar predisposition for RF affects the phenotype of the valvular
affection.

The majority of the individuals with structural and RHD affection reported recurrences of RF
suggesting its role in RHD. However, there was no relationship between the presence of
recurrences and the development or reversibility of the valvular lesions. This is surprising as
recurrences have been reported to be a risk factor for the development of mitral stenosis (Thomas
1971) and the severity of valve regurgitation has been shown to be greater in recurrences of
carditis, possibly owing to repeated attacks of valvulitis that culminate in greater valvular
damage and due to the self-perpetuating nature of regurgitant lesions (Vasan 1996) leading to
worsening of rheumatic valve affection (Jaffe 1988, Vasan 1996, Carapetis JR 2000) and the
development or deterioration of RHD (Bisno 2005, Carapetis 2005°, McDonald 2005,
Manyemba 2003). However, it has also been suggested that valvular lesions may progress
despite the lack of symptomatic recurrence (Tompkins 1972).

Individuals diagnosed by cardiac symptoms were more likely to sustain the found functional
affection. Importantly, a longer time since the first RF attack seems to be an indicator for
sustenance of structural and structural affection while a shorter time seems to be a good

prognostic factor for reversibility of the features. This is logic as lesions present for a longer time
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tend to be sustained while the lesions that were more prominent to resolve would have done so a
longer time ago. Furthermore, structural features seem more prone to resolve than functional

lesions, especially short after the development.

A fraction of the individuals reportedly diagnosed due to cardiac symptoms did not have sign of
any cardiac affection during the first assessment as well as during follow-up. This might suggest
that in this group the RHD characteristics had resolved in the time between the cardiac diagnosis
and our first assessment. However, a diagnosis of RF based on cardiac symptoms is a risk factor
for sustenance of functional valvular affection which might suggest that clinical functional
affection is less probable to resolve after established. The fact that the cardiac diagnosis of RF
seems to correlate with reversibility of the features leading to the diagnosis of RHD might be due
the disappearance of the structural features, as the functional affection tend to persist. However,
this might also indicate that diagnosis leads to medical treatment and the use of penicillin
prophylaxis and contributes therefore to the reversibility of the cardiac lesions.

Importantly, the majority of the individuals with structural, functional affection or RHD were on
penicillin prophylaxis and there was no correlation between the penicillin schedule and
compliance and the presence of valvular affection. However, individuals not on penicillin
prophylaxis had more often structural and functional affection of the heart valves and the
diagnosis of RHD.

Furthermore, a penicillin schedule of 21-days or 1 month was related to development of
structural features and RHD and non-compliance to prophylaxis was related to development of
functional affection. This was expected as a 21-day or monthly penicillin schedule was shown to
be a risk factor for the development of structural and RHD features, which enforces the view that
a 15-day penicillin prophylaxis should be encouraged. Furthermore, cessation of penicillin
prophylaxis is a risk factor for the development of functional valvular lesions which is logic as
secondary penicillin prophylaxis has been shown to prevent development and worsening of RHD
(Veasy 1997, Majeed 1992). Nevertheless, mitral and aortic stenosis was related to non-
compliance to penicillin prophylaxis. Therefore, we reinforce the opinion that non-compliance to
penicillin prophylaxis is a risk factor for the development of RHD and highlight the focus on

adherence to secondary prophylaxis regimens with long-term, regular delivery of penicillin to
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patients with RHD or a history of RF to prevent recurrences of the attacks and the worsening of
valve lesions. Importantly, most individuals diagnosed with RHD had poor disease awareness,
which especially in the form of a missing history of RF was shown to be a risk factor for the
development of structural features and for sustaining the diagnosis of RHD. This might suggest
that individuals that are not aware of RF do not receive the needed treatment and prophylaxis and

are therefore more at risk for the development and progression of RHD.

6.7 Conclusions

In conclusion, we have shown that in Egypt functional affection tends to develop more often and
is also more difficult to resolve than structural features. In Egypt, cardiac affection seems more
severe in males as there is a male predominance in the individuals with functional and RHD
characteristics, showing also an increase in the amount of mixed lesions. Young age at the time
of presentation as well as at the time of the first RF attack is related to a tendency of
development of structural as well as RHD features. Meanwhile, older patients diagnosed with
RHD tend to sustain the valvular affection. The longer ago the first RF attack, the less probable it
is that the valvular affection will resolve. Furthermore, clinical functional affection is less likely
to resolve.

Patient information is highly desired in Egypt as a lower disease awareness and non-compliance
to penicillin result in the development of structural as well as functional valvular lesions and
sustenance of RHD features. Our series confirms the predominance of mitral valve affection,
with regurgitation being the most common feature. However, in RHD, combination of lesions is
more predominant. Nevertheless, the amount of mitral stenosis was comparable to earlier studies.
The presented results also confirm the need to encourage a penicillin regimen of 15-days in
Egypt, as a longer interval between the injections was shown to be a risk factor for the
development of structural and RHD features. Long-term follow-up is necessary, nonetheless, to
determine the outcome in young children with subclinical echocardiographic evidence of valvar
disease. The serial use of echocardiography in patients with RHD is helpful in finding the
progression or regression of the disease and will help us determine the development,

characteristics, progression and reversibility of valvular lesions.
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7.1 Background
Different infection parameters are used to confirm the suspicion of RF differentiating between

general infection parameters and streptococcal specific parameters. The initial routine laboratory
assessment consists of the major inflammatory parameters and acute phase indicators such as
ESR and CRP which correlate with the magnitude and severity of inflammation as well as
disease activity (Lane et al, 2002, Wagner-Weiner 2002). The ESR and CRP are both used in the
diagnosis of RF in the Jones criteria however, the levels and distribution of these infection
parameters in different areas, as a response to RF, especially in a quiescent phase of the disease
is unknown. A major role is suggested for inflammatory cytokines in mediating RF and RHD
(Guilherme 2009) as they appear to play a crucial role in triggering immunologic and
inflammatory reactions in RF and have been shown in peripheral blood of acute RF and active
RHD patients (Yegin 1997, Miller 1989, Morris 1993, Narin 1995, Samsonov 1995) as well as

valvular tissue, suggested to mediate the heart lesions (Guilherme 2009).

Furthermore, cellular infiltration with a predominance of CD4" T-cells (Guilherme 1995) and
some CD8" T-cells is found in patients that present rheumatic activity (Guilherme 2001).
However, the immune response and signs of immune activation vary showing different
characteristics of the cellular as well as the humoral response.

We hypothesized that there is still an ongoing immunological reaction in apparently quiescent
phase of the disease and therefore the inflammatory parameters are expected to remain raised in
RF and RHD. The aim was to analyze the inflammatory parameters and presence of pro- and
anti-inflammatory cytokines to evaluate the signs of immune activation in RF and RHD in Egypt
for the recognition of potential inflammatory parameters to monitor RF activity and determine
the role of inflammatory cells and cytokines in mediating RF and RHD.
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Chapter 7 Immune response in RF and RHD

7.2 Haemal immune response in RF and RHD
7.2.1 Patients and methods
Individuals visiting the outpatient clinic or admitted at the Cardio-thoracic department of the

NHI were recruited as described in chapter 3, pg. 75.

The study population consisted of:
+ Group I: -Individuals with a positive history of RF visiting the centre for penicillin
prophylaxis with or without cardiac involvement
-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

¢ Group Il: Patients admitted for RHD and scheduled for valve replacement.

Blood sample collection and assays

Blood was collected by venipuncture into 1 siliconised EDTA, 1 non-additive and 1 citrate ESR
tube as described in chapter 3, pg 88. A complete CBC, ESR analysis, qualitative determination
and semi-quantitative determination of the ASOT and CRP was done. Serum and plasma was

obtained and stored.

Analysis of blood samples

Complete blood count (CBC): Analysis was performed by Sysmex KX-21N (Automated
Hematology Analyzer, SYSMEX CORPORATION). Parameters in whole blood mode included
the CBC (WBC, RBC, HGB, HCT, MCV, MCH, MCHC, PLT) and a 3-Part Differential
leukocyte count (Lymph %, #, Neut %, #, Mixed %,#).

ESR analysis: The ESR analysis was performed following the Wintrobe method.

A calibrated Wintrobe tube graduated from 0-100mm (0-10cm) and with a capacity of 1 ml of
blood was placed in a sedimentation rack and filled to the 0 mark with 1 ml of well-mixed
anticoagulated blood (collected in a ESR citrate tube) using a long-stemmed pipet and left to
incubate in a vertical position for exactly one hour. At the end of one hour, the distance the
erythrocytes have fallen from the plasma meniscus (at the zero mark) in the blood samples is

measured and recorded in millimeters (mm) using the markings on the tube.
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ASOT- Latex Test: The manual ASOT-Latex Test is an agglutination test for the direct

qualitative and semi-quantitative detection of clinically significant levels of anti-streptolysin O

antibodies (ASO) in human serum which are produced by growing strains of Group A

haemolytic streptococci (and by most strains of groups C and G). The assay is performed by

testing a suspension of latex particles coated with streptolysin O antigen against unknown serum.

The presence or absence of a visible agglutination, indicates the presence or absence of ASO in

the samples tested. The reagent is adjusted in the way that presence of an ASO title of 200

IU/mL or higher in the serum gives a visible agglutination of the latex particles without previous

sample dilution,

Qualitative determination

*

*

*

One drop of reagent was placed on the field of the slide
One drop of undiluted serum was added with a pipette
The drops were mixed well with the flat end of the pipette
The slide was rocked for 2 minutes

Result was read immediately under direct light

In case of positive test, a semi-quantitative test was performed

Semi-gquantitative determination

*

Dilutions (1:2, 1:4, 1:8, 1:16, 1:32) of the positive samples were prepared with 0.9% of
sodium chloride solution (saline)

One drop of reagent was placed on the field of the slide

One drop of diluted serum was added with a pipette

The drops were mixed well with the flat end of the pipette

The slide was rocked for 2 minutes

Result was read immediately under direct light

The serum titer was defined as the highest dilution showing a positive result.

The ASO concentration was then be estimated from the last dilution with visible
agglutination. The approximate ASO concentration was obtained by multiplying the titer

by the limit of sensitivity (200 1U/mL)
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CRP Latex Test: The CRP Latex test is based on the immunologic reaction between the CRP and

the corresponding antibody coated on the surface of latex particles. The CRP reagent contains

polystyrene latex particles coated with human anti CRP antibody. When the reagent is mixed

with serum containing CRP at a level equal or greater than 6 mg/l, the particles agglutinate

without previous sample dilution. A smooth homogenous milky suspension indicates a CRP

concentration of less than 6 IU/ml (as observed with the negative control). Agglutination

indicates a CRP content more than 6 1U/ml.

Qualitative determination

*

*

*

One drop of reagent was placed on the field of the slide

One drop of undiluted serum was added with a pipette

The drops were mixed well with the flat end of the pipette
The slide was rocked for 2 minutes

Result was read immediately under direct light

In case of positive test, a semi-quantitative test was performed

Semi-guantitative determination

*

Dilutions (1:2, 1:4, 1:8, 1:16, 1:32) of the positive samples were prepared with 0.9% of
sodium chloride solution (saline)

One drop of reagent was placed on the field of the slide

One drop of diluted serum was added with a pipette

The drops were mixed well with the flat end of the pipette

The slide was rocked for 2 minutes

Result was read immediately under direct light

The serum titer was defined as the highest dilution showing a positive result.

The CRP concentration was then be estimated from the last dilution with visible
agglutination. The approximate CRP concentration may be obtained multiplying the titer
by the limit of sensitivity (6 mg/L)
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Cytokine Luminex assay:
Serum samples: Serum samples require a 4-fold dilution. However, after several trials we have

decided to use neat serum due to low concentrations of the cytokines.

Standards: The standards were made of standard Cocktails 1 and 2 with Calibrator Diluent RD6-
40 (for serum samples). They were allowed to sit for a minimum of 15 minutes with gentle
agitation prior to making dilutions.

Assay procedure: The filter-bottomed microplate was pre-wet by filling each well with 100 pL
of Wash Buffer. The liquid was removed through the filter at the bottom of the plate using a
vacuum manifold designed to accomodate a microplate. A diluted microparticle mixture was
resuspend by vortexing andv50 pL of the microparticle mixture was added to each well of the
microplate. 50 pL of Standard or sample was added per well and incubate for 3 hours at room
temperature on a horizontal orbital microplate shaker (0.12” orbit) set at 500 + 50 rpm. Each
well was filled with Wash Buffer (100 uL) and using a vacuum manifold device designed to
accommodate a microplate, the liquid was removed. This wash procedure was performed 3
times. 50 pL of diluted Biotin Antibody Cocktail was added to each well and left to incubate for
1 hour at room temperature on the shaker set at 500 = 50 rpm. The wash procedure was repeated
3 times. 50 puL of diluted Streptavidin-PE was added to each well and incubated for 30 minutes at
room temperature on the shaker set at 500 + 50 rpm followed by 3 washings. The microparticles
were resuspend by adding 100 uL. of Wash Buffer to each well and left to incubate for 2 minutes
on the shaker set at 500+ 50 rpm. The results were read within 90 minutes using a Luminex

analyzer.

Statistical analysis

The statistical analysis was performed as described in chapter 3, pg 100.
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7.2.2 Results

7.2.2.1 Inflammatory parameters in RF and RHD

A total of 309 blood samples were collected from the individuals recruited. A raised WBC of

>11 K/uL was found in 10.3% (n=35) and a raised lymphocyte count of >4 was found in 49.5%

(n=164) of the individuals.

An RBC <4 M/uL was found in 10.5% (n=35) of the individuals. An HGB <12 g/dL was found
in 42.5% (n=134) of the individuals, with 18.4% (n=61) showing an MCV <76.0 fL and 51.2%
(n=162) with an MCH <27.0 pg. 2.56% (n=8) of the individuals had an HGB <9 g/dL. A PLT
count <140 K/uL was found in 5.4% (n=18), while 2.1% (n=7) had a PLT count >450 (Table

7.1).

Table 7.1 CBC results

Mean + SD range
WBC 7.63+£3.35 3.20-28.80
LYM 18.90 + 18.61 1.20-61.70
MID 0.55+0.22 0.30- 1.40
GRAN 4.68 + 3.48 0.90- 18.0
RBC 4.65 +0.63 2.34- 6.96
HGB 12.23 +1.60 7.0- 16.10
HCT 37.10+4.79 20.0- 48.40
MCV 80.08 + 6.63 51.20-93.50
MCH 26.43 +2.82 16.20- 32.60
MCHC 33.03+1.61 28.00-43.50
RDW 15.80 +14.21 11.90-262.00
PLT 255.01 + 84.78 66.00- 756.00
MPV 4.42 +5.52 7.20-13.30
ESR 29.28 + 26.22 2.0-132.00
ASOT 74.91 + 124.155 0-800
CRP 7.92 +20.48 0-96.00

A positive CRP (> 12 TU/ml) was seen in 16.6% (n=51) of the individuals. Most individuals
(65%, n=199) had a negative CRP (Table 7.2).
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Table 7.2 CRP results

CRP

0 65% (n=199)
6 18.3% (n=56)
12 6.5% (n=20)
24 3.6% (n=24)
48 2.3% (n=7)
96 4.2% (n=13)

30.6% (n=95) of the individuals had an ESR <10 mm/h, while 20.5% (n=64) had an ESR
between 11 and 20 mm/h. In total, 51.1% (n=159) of the individuals had an ESR <20 mm/h.

7.2.2.2 Relation between inflammatory parameters

The relation between the ESR rate and CRP and the WBC, LYM count, RBC, HGB and HCT is
described in Table 7.3. No correlation was found between the ASOT and the WBC, the LYM
count, RBC count, HGB and HCT.

Table 7.3 Relation between inflammatory parameters

Increase Decrease
ESR WBC (p=0.00) LYM (p=0.029)
RBC (p=0.00)
HGB (p=0.00)
HCT (p=0.00)
CRP WBC (p=0.00) LYM (p=0.034)
ESR (p=0.00) RBC (p=0.02)
HGB (p=0.00)
HCT (p=0.01)

7.2.2.3 Cytokine parameters in RF and RHD
The serum cytokine levels were as indicated in Table 7.4 and the relation between the cytokines

is described in table 7.5.
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Table 7.4 Cytokine levels

Mean + SD Minimum Maximum  Normal values
pg/mL pg/mL pg/mL pg/mL*
IL-1b 0.22 +0.68 0.01 8.17 0.16 +0.17
ll-1ra 803.5 + 1677.6 0.02 15825.7 829 + 292
IL-2 0.25+0.18 0.10 1.97
IL-4 0.30 £ 0.58 0.01 2.26 3.34+0.84
IL-6 0.92 + 2.66 0.01 26.54 0.39-12.3
IL-8 499 + 1457 0.01 117.8 9.51
IL-10 0.57+0.43 0.04 2.02 9.2+15
TNF-a 0.67£0.74 0.10 441 2.03-10.5
* Reported in earlier studies
Table 7.5 Relation between cytokines
Increase Decrease
IL-1b IL-2 (p=0.00) IL-1ra (p=0.00)
IL-6 (p=0.00) IL-10 (p=0.00)
TNF-a (p=0.035)
IL-1ra IL-4 (p=0.00) IL-2 (p=0.00)
IL-8 (p=0.00) IL-6 (p=0.00)
IL-10 (p=0.00)
TNF-a (p=0.00)
IL-2 IL-6 (p=0.00) IL-4 (p=0.00)
IL-10 (p=0.00)
IL-4 IL-8 (p=0.00) IL-6 (p=0.00)
IL-10 (p=0.00)
TNFa (p=0.00)
IL-6 TNFa (p=0.00) IL-10 (p=0.00)
IL-8 TNFa (p=0.00)
IL-10 (p=0.00)

7.2.2.4 Factors influencing the haemal parameters in RF and RHD

No correlation was found between the level of cytokines found in the serum and the gender,

family history for RF, the age of the RF attack, the penicillin schedule and compliance was not

related to the serum cytokine level.
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Age: Older patients had a higher WBC count (p=0.005), ESR (p=0.00), CRP (p=0.045) as well
as a higher IL-1b (p=0.027), IL-2 (p=0.002) and IL-6 (p=0.00). However, older patients had a
lower the platelet count (p=0.001) Furthermore, there was no correlation between the age and the
ESR, LYM count, RBC count, HGB and HCT.

Gender: Males had higher blood hemoglobin (p=0.000) and hematocriet (p=0.001) than females.
35.5% (n=54) of the males and 56.2% (n=90) of the females had a hemoglobin <12 g/dL. 3.2%
(n=5) of the males and 1.8% (n=3) of the females had a hemoglobin <9 g/dL. Females tended to
have a higher ESR (p=0.005) and platelet count (p=0.018) than males. No correlation was found
between the gender and the WBC, lymphocyte count, MCV and ASOT.

History of RF: Individuals with a positive history of RF had a higher lymphocyte count
(p=0.038) and platelet count (p=0.00). No correlation was found between a history of RF and the
WBC, hemoglobin, hematocriet, MCV, ESR, ASOT and CRP. A correlation was found for a
positive history of RF was IL-6 (p=0.010) as patients with a positive history of RF showed lower
levels of IL-6.

Date of RF: A positive correlation was found between the WBC count and the date of the first
RF attack (p=0.032). The longer ago the first RF attack was the higher the WBC count. There
was no correlation between the date of the first RF attack and the ESR, LYM count, RBC count,
HGB and HCT. There was also no correlation with the CRP.

A correlation was found between the ASOT and the date of RF onset. The less time since the RF
attack the higher the ASOT (p=0.004). The longer ago the RF attack had been the higher the IL-
1b (p=0.012), the IL-2 (p=0.008) and the IL-6 (p=0.020).

Familial predisposition: Individuals with a negative family history for RF tended to have a
higher hemoglobin (p=0.043) and hematocriet (p=0.034). No correlation was found between the
family history for RF and the WBC, lymphocyte count, MCV, platelet count, ESR, ASOT and
CRP.
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Recurrences: Individuals who reported recurrences of RF tended to have a lower WBC
(p=0.009) than those who did not. No correlation was found between the presence of recurrences
of RF and the other inflammatory and streptococcal parameters. Individuals that reported
recurrences showed a lower IL-1b (p=0.027), IL-2 (0.003), IL-6 (p=0.005) and TNFa (p=0.015).

Diagnosis: Individuals who were diagnosed by the RF symptoms tended to have a higher
lymphocyte (p=0.010) and platelet count (p=0.001) and a lower CRP (p=0.044) than those
diagnosed by the cardiac symptoms. Individuals that were diagnosed by RF symptoms had lower
IL-6 levels (p=0.039). There was no correlation between the type of diagnosis and the ESR nor
the ASOT.

Prophylaxis: Individuals on penicillin prophylaxis tended to have a lower WBC (p=0.037) and
CRP (p=0.013) and a higher platelet count (p=0.00). No correlation was found between the use
of penicillin prophylaxis and the other inflammatory and streptococcal parameters. There seemed
to be a correlation between the compliance to the prophylaxis and the platelet count (p=0.004),
with individuals with a higher compliance showing higher platelet counts. Patients on penicillin

prophylaxis had a lower of serum IL-6 (p=0.021).

7.2.3 Discussion

Inflammatory parameters

The inflammatory parameters are affected by many factors including the patient’s age, gender,
dietary options, medication, etc (Lane 2002). Our series shows a raised WBC in 10.3% and a
raised lymphocyte count in 49.5% of the individuals screened. The raised WBC, known as
leukocytosis is a sign of infection and a raised lymphocyte count, lymphocytosis, is usually a
sign of a viral infection and has also been shown in 84% of the ARF patients (Mahmudi 2006).
Penicillin is known to lower leukocyte count, which means that in the absence of penicillin

prophylaxis the lymphocytosis would have been expected to be higher.

Leukocytosis with neutrophilia and mild to moderate anaemia are found in inflammation and

concurrent anaemia has been reported to be found in up to 62% of the ARF cases (Mahmudi
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2006) and 8% of the cases of newly diagnosed RHD. (Sliwa 2010) In our series 42.5% of the
individuals had an HGB <12 g/dL with 18.4% showing an MCV <76.0 fL and 51.2% with an
MCH <27.0 pg.

The most common causes of microcytic anemia are iron deficiency due to inadequate dietary
intake or chronic disease. The MCH value is diminished in hypochromic anemias mainly caused
by vitamin B6 deficiency from a low iron intake, diminished iron absorption, or excessive iron
loss. Nevertheless, anemia can also be caused by infections or other diseases and therapeutic
drugs. The found anemia could however not be caused by the penicillin prophylaxis, which is
known to cause hemolytic anemia and therefore macrocytic changes of the RBC. Importantly,
concurrent anaemia has been reported in combination with RHD (Sliwa 2010). In our series,
anemia was more common among females, as 56.2% had an HGB <12 g/dL, however, males
tended to have more often a more severe anemia with 3.2% showing HGB <9 g/dL. A small
number of individuals (2.56%, n=8) had an HGB <9 g/dL which is usually associated with
severe carditis.

A normal platelet count in a healthy individual is between 150 and 450 K/uL. In our series a PLT
count <140 K/uL was found in 5.4%, while 2.1% had a PLT count >450. Low platelet counts
may be caused by systemic viral or bacterial infection and increases bleeding risks.

Penicillin is known to impair and inhibit platelet function by inhibiting platelet aggregation
response and release reaction as it inhibits some essential mechanisms involved in platelet
activation. However, penicillin is not known to influence the platelet count (Schulz 2010, Rao
1983).

The normal upper limit of ESR for persons aged 50 years and younger is 15 mm/h in men and 20
mm/h in women with a mean of normal values around 9.6 mm/h for men and 10.4 mm/h for
women younger than 20 years (Volanakis 2001). Acute phase reactants are always elevated at
the onset of acute RF and the erythrocyte sedimentation rate (ESR) is elevated in the first
weeks of the disease. Elevated ESR (>40 mm/hr) has been reported in up to 90% of the ARF
cases (Mahmudi 2006) with higher levels among patients with cardiac involvement. In our

series, 48.9% of the individuals screened had a positive ESR with a mean of 29.28 mm/h (Shearn
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1986), showing that there is a remaining acute phase inflammation as the ESR correlates with

increased levels of acute phase reactants, in particular, fibrinogen.

The C-reactive protein (CRP) is elevated at the onset of the acute phase and tends to disappear at
the end of the second or third week; however both ESR and CRP are affected by anti-
inflammatory medications. A positive CRP has been found in up to 85% of the ARF patients and
in 16.6% of the individuals screened in our series. The mean CRP was 7.92 IU/ml, showing a
mild magnitude of the inflammation and disease activity. This may be the result of the latent
period since the RF attack or the treatment and penicillin prophylaxis, as CRP levels change
quickly in response to inflammation and fall quickly with appropriate treatment bearing in mind
that 84.4% (n=521) were on prophylaxis. However, 11.3% of the individuals reported the RF
attack being in the last 2 months, while 48.5%, and 68.5% were in the last 12 and 24 months, and
most individuals reported recurrences of RF which may explain the found elevated ESR and
CRP.

Elevated or rising ASO titers provide reliable confirmation and identification of a recent
preceding GAS infection in patients suspected of RF as these titers rise approximately 1 week
and peak 3 to 6 weeks after the infection and may persist for several months after even
uncomplicated GAS infections. However, approximately 20% of patients with RF may not
have this antibody, although raised ASO titers have been shown to be elevated in 87% of the
ARF patients (Mahmudi 2006). The fact that only 30.9% of the screened individuals in our series
had raised ASO titers might be due to the fact that the majority of the RF attacks had been
months ago and the titers might have resolved and the fact that over 80% of the individuals were

on penicillin prophylaxis.

Our series shows that a higher LYM and RBC count, HGB and HCT is related to a lower ESR
and CRP. A higher CRP was related to a higher ESR, which was expected as the ESR as well as
the CRP are indicators of inflammation and a relationship between the findings is obvious. The
age of the patient was also related to the inflammatory parameters with older patients showing a

higher WBC count, ESR and CRP and a lower platelet count. These results are surprising as only
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the ESR is known to be related to age, being higher in patients older than 50 years. As expected,
males had higher blood hemoglobin and hematocriet than females. However, females tended to
have a higher ESR and platelet count than males. The ESR is known to be higher in women than

in men but there is no gender difference in the platelet count.

Individuals with a positive history of RF had a higher lymphocyte and platelet count. The high
lymphocyte count is a result of the inflammatory process, but the raised platelet count cannot be
explained by a history of infection. A longer time since the first RF attack was related to a higher
WABC count. This is contradictory to our expectations, as the WBC is supposed to lower after the
acute inflammatory event. Importantly, the shorter the time since the RF attack the higher the
ASOT, which is logic as the ASOT lowers after the infection while remaining positive for
several months.

Penicillin prophylaxis seems to result in a lower WBC and CRP and a higher platelet count and a
better compliance to the prophylaxis also tends to result in a higher platelet count. Individuals
who reported recurrences of RF tended to have a lower WBC than those who did not. This is
strange because the WBC would be expected to be higher as a result of recurrences of the
inflammatory process.

Individuals who were diagnosed by the RF symptoms tended to have a higher lymphocyte and
platelet count and a lower CRP than those diagnosed by the cardiac symptoms.

Meanwhile, individuals with structural and RHD features tended to have a lower platelet count.
The finding of structural or cardiac affection seems therefore, to be related to a lower platelet
count which is dependent on the use and compliance to the penicillin, suggesting that non-
compliance is a risk factor for both. Importantly, individuals with a lower ASOT level tended to

remain free of structural affection of the valves during follow up.

Furthermore, reversibility of functional affection is related to a lower WBC which is related to
the age, the time since the RF attack and the use of penicillin, therefore it seems that younger
age, a shorter time since the RF attack and use and compliance to penicillin are promoters for
reversibility of functional affection. Strangely, individuals with a higher WBC tended to remain

free of functional affection at the time of follow-up (p=0.003).
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In conclusion, a lower platelet count seems to be a risk factor for cardiac affection and the
presence of structural features and the diagnosis of RHD and a high ASOT seems also to be a
risk factor for valvular affection. Reversibility can be expected in individuals with a lower WBC,
which can be achieved by use and better compliance to the penicillin prophylaxis. Meanwhile,
non-compliance or a lower compliance to the penicillin prophylaxis is a risk factor for the

presence of structural features.

Haemal cytokine profile

The levels of IL-1 found in our series is comparable to earlier studies in healthy controls. This is
strange as IL-1 has been reported to increase during active rheumatic carditis (Morris 1993),
persisting for up to 48 weeks (Miller 1989) and in ARF and RHD patients (Morris 1993) which
can be explained by the clinical significance of IL-1 due to its activities as a stimulator of T-cells
and being in combination with other cytokines an important mediator of inflammatory reactions.

No data on IL-2 levels in serum of healthy controls has been found, but we believe that plasma
levels are comparable to serum. Therefore, the significantly lower IL-2 levels compared to
healthy controls is surprising (Mazzone 1999) especially because IL-2 plays a role in anti-
inflammatory reactions and has been reported to be increased in ARF and RHD patients (Yegin
1997).

We have found lower levels of IL-4 compared to healthy controls. Importantly, IL-4 is of clinical
importance in inflammatory diseases and autoimmune diseases since it inhibits the production of
inflammatory cytokines such as IL-1, IL-6 and TNF-a by monocytes and of TNF by T-cells. In
addition, the lack of IL-4 in valvular tissue has been suggested to perpetuate and/or exacerbate
the production of inflammatory cytokines TNF-a and IFN-y (Guilherme 2005°%). However, in our
series, most of the cytokine levels were lower than reported in control subjects.

The IL-6 levels found in our series is in the range reported in healthy controls, although a very
wide range from 0.39 up t012.3 pg/mL has been reported (Morikawa 2003, Yoshida 2002, Straub
2000, Ozbek 2003, Grey 1996, Al-Awadhi 1999, Bas 2004, Steddon et al, 2004).

The found IL-8 was significantly lower than the average serum levels reported in controls
(Ozbek 2003). This was not expected as significant elevations in the plasma levels of IL-8

have been observed in active phase of RHD patients suggesting that IL-8 might have a role in
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the pathogenesis of RF (Yegin 1997). Furthermore, IL-8 is believed to be a marker for different
inflammatory processes as it directly affects B-cells through a specific mechanism that is
different from IFN-y and IFN-a.

TNF-a levels were significantly lower in our series (Elkind 2002, Wang 2003, Erdem 2003,
Mizia-Stec 2003, Halasz 2003, Diez 2002, Yoshida 2002, Mishima 2001, Wang 1999, Ozbek
2003, Grey 1996, Celik 1995, Kalt 2006) which is surprising as TNF-a mediates part of the cell
mediated immunity against obligate and facultative bacteria and parasites and is required for
normal immune responses and has been reported to be elevated in patients with ARF (Narin
1995, Samsonov 1995, Yegin 1997, Miller 1989, Morris 1993, Narin 1995, Yegin 1997) and
RHD. Furthermore, TNF-o is suggested to play an important role in the initiation of
multisystemic inflammatory response in RF and in the pathogenesis of RHD (Yegin 1997, Settin
2006).

In our series, only IL-6 and IL-10 levels were in the range reported in healthy controls
(Andersson 2000, De Vita 2000), which might suggest that they are elevated in comparison to
the other cytokines.

The surprising low levels of cytokines found in our series, especially IL-2, IL-4, IL-8 and TNF-a
might suggest that decreased levels of these cytokines mediates rheumatic lesions. We expected
IL-1, IL-6 and TNF-a to be increased as they are believed to be produced to eliminate the
bacteria (Ramasawmy, unpublished observations) and an increase of TNF-a, IL-1 and IL-2 has
been described in the peripheral blood of acute RF and active RHD patients (Miller 1989, Morris
1993, Narin 1995, Samsonov 1995, Yegin 1997).

Nevertheless, IL-6 and TNF-a are considered well-known inducers of acute phase reactants and
show significant correlation with the C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) (Yegin 1997). TNFa levels have also been shown to correlate with the I1L-6 levels and
have been suggested to be the major cytokine in RF leading to IL-6 and IL-8 production (Yegin
1997). However, in a previous study in Egypt, no increase in the production of IL-6 and IL-10

was found in acute rheumatic carditis (Hafez 2001).
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7.3 Valvular immune activation in RF and RHD
7.3.1 Patients and methods
Individuals admitted at the Cardio-thoracic department of the NHI, Imbaba, Cairo and scheduled

for valve replacement due to RHD were recruited as described in chapter 3, pg. 75.

Sample collection

Excised valves from the individuals requiring valve replacement were collected during the
procedures. The valvular tissue was stored in formalin directly after collection and then
embedded in paraffin. The samples were transported to the HSC for histology and
immunohistochemistry analysis.

The condition of the normal valves is expected to be the same and there was no significant
difference in the results found. We have therefore reported the combined results for an easier
overview and comparison of the results. The reason that we have only used 2 control valves is

due the fact that it is very difficult to collect healthy human valvular tissue.

Immunohistochemistry Analysis

Immunostaining of the valves for determination of inflammatory cells, ECM proteins and
cytokine profile was performed on paraffin-embedded tissues using immunoperoxidase. The
following primary antibodies were used: CD8 (BD Bioscience), CD4 (BD Bioscience),
Collagens 1, 111, IV (Novotec), NFKB (Chemicon), CD45 (Vector laboratories), CD68 (DAKO),
IL-10 and IL-12 (Abcam).

Prior to immunoperoxidase staining, 5um thick paraffin wax sections of decalcified non
coronary root of heart valve tissue were dewaxed and rehydrated into water, washed in
phosphate buffered saline (PBS) for 5 minutes, then the slides were immersed in 0.1M citrate
buffer (pH 6) and microwaved for 10 minutes before blocking for endogenous peroxidases using
0.3% hydrogen peroxide in PBS for 15 minutes. Sections were washed twice in PBS and blocked
with 3% bovine serum albumin (W/V) (BSA) in PBS for 30 minutes. Sections were incubated
separately for 1hour with primary antibodies. Negative control consisted of 3% BSA in PBS.
Primary antibodies was then removed by washing the sections 3 times in PBS followed by a

second layer of biotinylated goat anti-mouse immunoglobulins (GAM 1gG-Vector laboratories)
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diluted 1/250 in PBS for lhour. Sections were then washed 3 times in PBS before 1 hour
incubation with Avidin-Biotin Complex (ABC-Vector laboratories). Reactivity was detected
using diaminobenzidine tetrahydrochloride (DAB tablets, Sigma) (25mg/ml) and hydrogen
peroxide (0.01% W/V). Sections were then counter stained with Mayer’s haematoxylin and
viewed on a Ziess Axioskop microscope. Digital micrographs were taken using a Nikon
DMX1200 camera. The samples were scored semi-quantitatively for the expression of the

antigens present within the valve tissue.

7.3.2 Results

Human Rheumatic Valves and Control Valves

Valve tissues were collected at the time of surgery. We obtained 24 human rheumatic valves
from patients (n=24, mean age, 35.42 years, range, 14 to 63 years, male, 13, female, 11) at the
time of surgical valve replacement. We compared them to 2 control valve tissue (n=2, gender:

male, age: 56 and 62 years) obtained by autopsy.

7.3.2.1 Inflammatory parameters in valvular tissue

CD4"

A total of 19 valves were stained for CD4" which was present in all (n=19) RHD valves, ranging
from 0 to 15 cellssmm?. The total density of CD4" T-cells was 1.18+1.34 cellssmm? in the
rheumatic valves and 1.95+0.63 cells/mm? in control valves (p=0.9). The localization of the

CD4" was studied in 15 valves and CD4" was the most prominent in the spongiosa (Table 7.6).
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Table 7.6 Localisation of CD4+

% N
Ventricularis 33.3% 4
Spongiosa 100% 19
Fibrosa 33.3% 5
Localisation
Ventricularis (only) 0% 0
Spongiosa (only) 60% 9
Fibrosa (only) 0% 0
Ventricularis + spongiosa 6.7% 1
Ventricularis + fibrosa 0% 0
Ventricularis + spongiosa + 26.7% 4
fibrosa
Spongiosa + fibrosa 6.7% 1

*

E

Figure 7.1 CD4" staining in RHD valve (E). * Fibrosa, arrow = CD4" staining in spongiosa

CD8"

A total of 17 valves were stained for CD8" which was present in 88.2% (n=15) of RHD valves,
ranging from 0-12 cells/mm?. The total density of CD8" T-cells was 0.91 + 1.30 cells/mm? in the
rheumatic valves and 3+1.41 cells/mm? in control valves (p=0.84). CD8" was absent in 1 valve
(5.9%). The localization of the CD8" was studied in 12 valves, which was found predominantly

isolated in the spongiosa (33.3%, n=4) (Table 7.7).
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F

Figure 7.2 CD8" staining in RHD valve (E). arrow = CD8" staining in spongiosa

Table 7.7 Localisation of CD8+

% N
Ventricularis 16.7% 2
Spongiosa 91.7% 11
Fibrosa 584% 7
Localisation
Ventricularis (only) 0% 0
Spongiosa (only) 333% 4
Fibrosa (only) 8.3% 1
Ventricularis + spongiosa 8.3% 1
Ventricularis + fibrosa 0% 0
Ventricularis + spongiosa + 8.3% 1
fibrosa
Spongiosa + fibrosa 41.7% 5

CD45"

A total of 11 valves were stained for CD45" which was present in all (n=11) RHD valves,
ranging from 0 to 49 cells/mm?. The total density of CD45" T-cells was 2.29 + 2.30 cells/mm? in
the rheumatic valves and 14.0+9.97 cells/mm? in control valves (p=0.7). The localization of the
CD45" was studied in 8 valves, which was found predominantly isolated in the spongiosa
(37.5%, n=3) (Table 7.8).
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Table 7.8 Localisation of CD45*

% N
Ventricularis 50% 4
Spongiosa 100% 8
Fibrosa 37.5% 3
Localisation
Ventricularis (alone) 0% 0
Spongiosa (alone) 37.5% 3
Fibrosa (alone) 0% 0
Ventricularis + spongiosa 25% 2
Ventricularis + fibrosa 0% 0
Ventricularis + spongiosa + fibrosa  25% 2
Spongiosa + fibrosa 12.5% 1

Figure 7.3 CD45" staining in RHD valve (G). arrow = CD45" staining in spongiosa

CD68"

CD68" was present in 79.2% (n=19) of the 24 valves stained, ranging from 0 to 47 cells/mm?.

The total density of CD68" T-cells was 5.58 + 4.05 cellssmm? in the rheumatic valves and

12.145.51 cells/mm? in control valves (p=0.4). The localization of the CD68"* was studied in 10

valves, which was found predominantly isolated in the spongiosa (37.5%, n=3) (Table 7.9).
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Table 7.9 Localisation of CD45"

% N
Ventricularis 50% 4
Spongiosa 100% 8
Fibrosa 37.5% 3
Localisation
Ventricularis (alone) 0% 0
Spongiosa (alone) 37.5% 3
Fibrosa (alone) 0% 0
Ventricularis + spongiosa 25% 4
Ventricularis + fibrosa 0% 0
Ventricularis + spongiosa + fibrosa  25% 2
Spongiosa + fibrosa 12.5% 1

\
|

Figure 7.4 CD68" staining in RHD valve (H). arrow = CD68 staining in spongiosa

NFKB

H

A total of 7 valves were stained for NFKB. The total density of NFKB-positive cells was

20.5+9.80 cells/mm? in the rheumatic valves and 19.6+15.6 cells/mm? in control valves (p=0.92),

as shown in Table 7.10.
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Figure 7.5 NFKB staining in RHD valve (I). arrow = NFKB staining

Table 7.10 Summary of the found results

Valve CD 4 CDS8 CD 45 CD 68 NFKB
RHD 1.18+1.34 091%1.30 2.29+2.30 5.58 +4.05 20.5:9.80
Controls  1.95:0.63 3#1.41  14.049.97 12.1#551 19.0+15.6
(p-value) 0.9 0.84 0.7 0.4 0.92

* results are presented as number of positive cells/field (MEANxSD)

IL-1a

In the 20 valves stained IL-1o was present in 75% (n=15) with a total density of 2.56+ 2.67
cellssmm? in the rheumatic valves valves. IL-1a was most found in the spongiosa (75%, n=15)
(Table 7.11).
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Table 7.11 Localization of IL-1a

% N
Ventricularis 35% 7
Spongiosa 75% 15
Fibrosa 50% 10
Localisation
Ventricularis (only) 0% 0
Spongiosa (only) 26.7% 4
Fibrosa (only) 0% 0
Ventricularis + spongiosa 6.7% 1
Ventricularis + fibrosa 0% 0
Ventricularis + spongiosa + fibrosa  40% 6
Spongiosa + fibrosa 26.7% 4

IL-1b

In the 20 valves stained IL-1b was present in 90% (n=18) with a total density of 2.70 + 2.27
cellssmm? in the rheumatic valves. IL-10 was the most found in the spongiosa and fibrosa (75%,
n=15) (Table 7.12).

Table 7.12 Localization of IL-1b

% (N)
Ventricularis 65% (n=13)
Spongiosa 75% (n=15)
Fibrosa 75% (n=15)
Localisation
Ventricularis (alone) 11% (n=2)
Spongiosa (alone) 0% (n=0)
Fibrosa (alone) 5.5% (n=1)
Ventricularis + spongiosa 5.5% (n=1)
Ventricularis + fibrosa 0% (n=0)
Ventricularis + spongiosa + fibrosa 55.6% (n=10)
Spongiosa + fibrosa 22.2% (n=4)
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IL-2

In the 20 valves stained IL-2 was present in all valves with a total density of 2.93 + 2.85

cellssmm? in the rheumatic valves. IL-2 was the most prominent in the spongiosa (95%, n=19)

(Table 7.13).

Table 7.13 Localisation of 1L-2

% (N)

Ventricularis
Spongiosa

Fibrosa
Localisation
Ventricularis (alone)
Spongiosa (alone)
Fibrosa (alone)

Ventricularis + spongiosa
Ventricularis + fibrosa
Ventricularis + spongiosa

fibrosa
Spongiosa + fibrosa

55% (n=11)
95% (n=19)
30% (n=6)

0% (n=0)
20% (n=4)
5% (n=1)
10% (n=2)
0% (n=0)
45% (n=9)

20% (n=4)

IL-4

In the 20 valves stained IL-4 was present in 95% (n=19) with a total density of 1.67 + 1.36

cells/mm? in the rheumatic valves. IL-4 was the most found in the spongiosa (95%, n=19) (Table

7.14).

Table 7.14 Localisation of 1L-4

% (N)

Ventricularis
Spongiosa

Fibrosa
Localisation
Ventricularis (alone)
Spongiosa (alone)
Fibrosa (alone)

Ventricularis + spongiosa
Ventricularis + fibrosa
Ventricularis + spongiosa +
fibrosa

Spongiosa + fibrosa

50% (n=10)
95% (n=19)
55% (n=11)

0% (n=0)
36.8% (n=7)
0% (n=0)

0% (n=0)

0% (n=0)
52.6% (n=10)

10.5% (n=2)
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IL-6

In the 20 valves stained IL-6 was present in all with a total density of 2.21 + 2.43 cells/mm? in
the rheumatic valves. IL-6 was the most found in the spongiosa (95%, n=19) (Table 7.15).

Table 7.15 Localisation of IL-6

% (N)
Ventricularis 40% (n=8)
Spongiosa 95% (n=19)
Fibrosa 30% (n=6)
Localisation
Ventricularis (alone) 0% (n=0)
Spongiosa (alone) 47.4% (n=9)
Fibrosa (alone) 0% (n=0)
Ventricularis + spongiosa 21.1% (n=4)
Ventricularis + fibrosa 0% (n=0)
Ventricularis + spongiosa + fibrosa 21% (n=4)
Spongiosa + fibrosa 10.5% (n=2)

IL-8
In the 20 valves stained IL-8 was present in all with a total density of 1.89 + 1.99 cells/mm? in
the rheumatic valves. IL-8 was mostly found in the fibrosa (40%, n=8) (Table 7.16).

Table 7.16 Localisation of IL-8

% (N)
Ventricularis 35% (n=7)
Spongiosa 25% (n=5)
Fibrosa 40% (n=8)
Localisation
Ventricularis (alone) 0% (n=0)
Spongiosa (alone) 50% (n=10)
Fibrosa (alone) 0% (n=0)
Ventricularis + spongiosa 15% (n=3)
Ventricularis + fibrosa 0% (n=0)
Ventricularis + spongiosa + 20% (n=4)
fibrosa
Spongiosa + fibrosa 15% (n=3)
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Table 7.17 Summary of the found cytokine results

Valve IL-1a IL-1b IL-2 IL-4 IL-6 IL-8

RHD 2.56 +2.67 2.70+2.27 2.93+2.85 1.67+1.36 2.21+243 1.89+1.99
* results are presented as number of positive cells/field (MEANxSD)

IL-10

In the 24 valves stained IL-10 was present in 96% (n=23) of the RHD valves with a total density
of 4.46 + 3.18 cellssmm? among the valves, ranging from 0 to 76 cells/mm? and 5.25+1.06
cells/mm? in control valves (p=0.5). In the 19 valves analyzed for localization 1L-10 was mostly
found in the spongiosa of the other valves (94.7%, n=18) (Table 7.18).

Table 7.18 Localisation of 1L-10

% (N)
Ventricularis 31.6% (n=6)
Spongiosa 94.7% (n=18)
Fibrosa 31.6% (n=6)
Localisation
Ventricularis (alone) 0% (n=0)
Spongiosa (alone) 61.1% (n=11)
Fibrosa (alone) 0% (n=0)
Ventricularis + spongiosa 5.6% (n=1)
Ventricularis + fibrosa 0% (n=0)
Ventricularis + spongiosa + 27.8% (n=5)
fibrosa
Spongiosa + fibrosa 5.6% (n=1)

IL-12

In the 20 valves stained 1L-12 was present in 96% (n=23) with a total density of 4.13 + 3.32
cellssmm? among the RHD valves, ranging from 0 to 35 cells/mm? and 4.13+2.07 cells/mm? in
control valves (p=0.42). In the 19 valves analyzed for localization IL-12 was mostly found in the
spongiosa (85%, n=17) (Table 7.19).
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Table 7.19 Localisation of 1L-12

% (N)
Ventricularis 60% (n=12)
Spongiosa 85% (n=17)
Fibrosa 45% (n=9)
Localisation
Ventricularis (alone) 5.3% (n=1)
Spongiosa (alone) 26.3% (n=5)
Fibrosa (alone) 0% (n=0)
Ventricularis + spongiosa 21.1% (n=4)
Ventricularis + fibrosa 5.3% (n=1)
Ventricularis + spongiosa + 31.6% (n=6)
fibrosa
Spongiosa + fibrosa 10.5% (n=2)

Table 7.20 Summary of the found IL-10 and IL-12 results

Valve IL-10 IL-12
RHD 4.46+3.18 4.13+3.32
Controls 5.25+1.06 4.13+2.07
(p-value) 0.5 0.42

* results are presented as number of positive cells/field (MEANxSD)
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7.3.2.2 Relation between inflammatory cells and valvular cytokines

The relation between the inflammatory cells and the valvular cytokines is shown in table 7.21.

Table 7.21 Relation between inflammatory cells and valvular cytokines

Increase
CD4" CD8+ (p=0.001)
IL-4 (p=0.036)
CD45" IL-10 (p=0.039)
CD68" IL-6 (p=0.041)
VWF CD4+ (p=0.011)
CD8+ (p=0.006)
CD 45+ (p=0.00)
IL-4 (p=0.025)
IL-12 (p=0.020)
IL-1b IL-6 (p=0.045)
IL-12 (p=0.035)
IL-2 IL-6 (p=0.010)
IL-12 (p=0.010)
IL-6 IL-12 (p=0.010)
IL-8 IL-10 (p=0.018)
IL-12 IL-1b (p=0.035)
IL-2 (p=0.010)
IL-4 (p=0.021)
IL-6 (p=0.037)
IL-10 (p=0.00)
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7.4 Determinants of RF and RHD

7.4.1 Factors influencing immune activation in valvular tissue

The longer ago the RF attack, the higher the IL-6 (p=0.020) and a higher ASOT was related to a
high IL-1a (p=0.010). Males tended to have a higher IL-4 expression in the valvular tissue than
females (p=0.021) and individuals with a positive family history of RF tended to have higher
valvular IL-4 levels (p=0.038). A high IL-8 was related to a higher lymphocyte count (p=0.018)
and hemoglobin (p=0.014). No correlation was found between a positive history for RF, the use

of penicillin and valvular CD and IL and ECM levels.

7.4.2 The influence of inflammatory parameters on valvular affection

A negative correlation was found between the platelet count and the presence of structural
affection (p=0.010) and diagnosis of RHD (p=0.027) showing that individuals with structural
and RHD features tended to have a lower platelet count.

No other correlation was found between the presence of structural, the functional affection
and/or the diagnosis of RHD and the inflammatory parameters. No correlation was found
between the inflammatory factors and the maintenance, development or regression of the

features leading to the diagnosis of RHD during follow up.

There was no correlation between the inflammatory factors and the maintenance, development or
regression of the structural features during follow up. Individuals with a lower ASOT level
tended to remain free of structural affection of the valves during follow up (p=0.008).

The functional affection found during the first assessment tended to resolve in the individuals
with a lower WBC (p=0.020). Strangely, individuals with a higher WBC tended to remain free of

functional affection at the time of follow-up (p=0.003).

7.4.3 Serum cytokines

Individuals with structural valvular findings tended to have a higher level of serum TNF-a
(0.025) while individuals with functional valvular findings tended to have a higher IL-6 serum
level (p=0.046) and the higher the TNF-a level (p=0.012). In addition, idividuals with the

diagnosis of RHD tended to have a higher TNF-a (p-0.003).
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Table 7.22 Influence of serum cytokines on valve tissue immune activation

Increase
IL-1b IL-4 valve (p=0.029)
IL-8 IL-4 valve (p=0.010)
IL-10 IL-12 valve (p=0.011)

7.4.4 Valvular cytokines

An increase in elastin was correlated to an increase in CD4" (p=0.001) and CD8" (p=0.028).

No correlation was found between the amount of valvular expression (CD, IL and ECM) and
thickening of the leaflet, calcification, mitral regurgitation and aortic stenosis. Affection of the

subvalvular apparatus was correlated with higher levels of valvular VWF (p=0.025)

7.5 Discussion

Our study population had a mean of 35 years and a normal gender distribution, which is fair
when aiming to avoid valvular mechanisms other than RHD as degenerative, aging or gender
dependent factors.

In our series, CD4" and CD45" were found in all RHD valves while CD8" was present in 88.2%
of the valves. The presence of CD4" and CD8" T-cells in valvular tissue has been demonstrated
(28,29) and chronic inflammatory cell infiltration with CD4" T-cells has been observed in both
calcified and non calcified mitral valves from RHD patients. The highest number of both CD4"
and CD8" T-cells has been reported in patients presenting with rheumatic activity which
indicates expansions of auto reactive T-cells in the heart during the acute episode and decrease in
auto reactive T-cells numbers after the acute episode remaining important to maintain the heart
lesions. (Sampaio 2007) Furthermore, the high frequency and the persistence of T-cell
oligoclonal expansions in the damaged heart valves seems to be associated with the progression
of the disease (Guilherme 2001), probably due to the T-cell recognition of several heart tissue
proteins exposed by local lesions (Figueroa 2002). This indicates that both T-helper/inducer and
T cytotoxic/ suppressor lymphocytes are involved in the development of lesions in rheumatic

valvular inflammatory heart disease. Nevertheless, the presence of activated inflammatory cells
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indicates ongoing inflammatory reaction, with an almost certain interaction with the overlying
endothelium. Pathologically increased activated lymphocytic infiltrates in association with an
enhanced expression of adhesion molecules can be regarded as a clear cut indication of a
persisting chronic inflammatory process.

The predominance of CD4" T-cells and macrophages at the site of heart lesions in RHD (Raizada
1985, Kemeny 1989) is apparently caused by the fact that adhesion molecules such as VCAM-
1 facilitate the extravasation of CD4" and CD8" T-cells into the valves, after being up-
regulated on the vascular endothelium of the valve of ARF patients (Guilherme 1995),
suggesting a direct role for these cells in the pathogenesis of RHD (Raizada 1985, Kemeny
1989). Therefore, it is believed that CD4" T-lymphocytes are the major effectors of heart lesions
and display a degenerate pattern of antigen recognition (Guilherme 2004%). Predominance of
macrophages has also been demonstrated in immunohistochemical studies (Raizada 1985,
Kemeny 1989) and CD8" and CD68", glycoproteins expressed on monocytes/macrophages, were
found in 88.2% and 79.2% of the RHD valves analyzed in our series, respectively.

It is known that Thl cytokines play an important role in certain organ-specific autoimmune
diseases (Libiau 1995, Falcone 1999) and seem also to be predominant in heart lesions,
especially valvular lesions (Guilherme 20042) In our series IL-2, IL-6 and IL-8 was found in all
RHD valves while IL-10 was found in 75% of the RHD valves. IL-1b, IL-4, IL-10 and IL-12
were found in over 90-95% of the RHD valves confirming a major role of inflammatory
cytokines in rheumatic valvular lesions.

An increased expression of IL-1b has been demonstrated in stenotic aortic valves in association
with an infiltrate of leukocytes. In contrast, control valves have been reported to show only
scattered leukocytes and no staining for IL-1b. IL-1 is expressed mainly by leukocytes, but
can also be seen in local myofibroblasts, fibroblasts (Fini 1994, Siwik 2000), and smooth muscle
cells (Galis 1994, Galis 1995) and belongs to a family of cytokines that play an important
role in the regulation of acute inflammation. The expression of IL-1b in leukocytes and
myofibroblasts in stenotic valves suggests an activation of these cells. Thus, activated leukocytes
may, by secretion of IL-1, promote an inflammatory microenvironment in stenotic aortic valves

that, in turn, leads to activation of local interstitial cells. Therefore, IL-1 is believed to be a
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prototypical pro-inflammatory cytokine (Dinarello 1984, Dinarello 1996, Bazan 1996) and might
be associated with RHD.

Furthermore, the production of IL-1, TNFa and IL-2 has been correlated with progression of the
Aschoff nodules in heart lesions during the acute phase of RHD, localized mainly in the
endocardium, subendocardium or perivascular regions of the myocardial interstitium (Fraser
1997). Moreover, an increased expression of the interleukin-2 receptor has been shown on
leukocytes in stenotic aortic valves (Olsson 1994).

In our series IL-4 was found in 95% of the fragments analyzed. This is surprising as earlier
reports of sparse production of the regulatory cytokine IL-4 by valve-infiltrating intralesional
mononuclear cells (under 10% IL-4-positive cells) in the majority of valve fragments of both
acute RF and chronic RHD patients, in combination with large numbers of IL-4-positive cells
(over 50%) in the myocardium fragments analyzed suggest that low numbers of IL-4-producing
cells in the valvular tissue might contribute to the progression of valvular RHD lesions
(Guilherme 2004%, Guilherme 2005°%). However, in our series IL-4 showed the lowest amount of
positive cells among the tested cytokines. Importantly, it is believed that RHD lesions are
mediated by inflammatory cytokines with low numbers of IL-4 producing cells in the valvular
tissue contributing to the development and progression of valvular tissue damage in RHD, and
perpetuating or exacerbating the production of inflammatory cytokines (TNF-o and IFN-y)
leading to permanent damage in the valves (Guilherme 2005°, Guilherme 2004% Guilherme
2004).

IL-10 and IL-12 positive cells were the most prominent in our series in concordance to earlier
reports that show that IL-10 positive cells, a predominantly Th-2 regulatory cytokine, are
consistently predominant in both myocardium and valvular tissue (Guilherme 2005-3, Guilherme
2004-2, Guilherme 2004) suggesting that despite the presence of Th2 cells, they are probably not
sufficient to down-regulate the deleterious effect of Th-1 cytokines, predominant mainly in the
valves (Guilherme 2004%).

Normally, no infiltration is expected in normal valve tissue. However, in our series the control
valves showed infiltration of all cells analyzed. This might be due to the fact that both valves
were from individuals with 56 and 62 years of age, and that these valves could have been in a

degenerative process, which might be caused by identical mechanisms as valvular damage due to
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accelerated damage in RHD. It is very difficult to collect healthy human valvular tissue for
analysis, as most of the collected tissue might be affected by other mechanisms which might be
similar to the end result of RHD.

When compared to normal valves, the RHD valves showed a lower expression of all cells except
NFKB and an equal expression of IL-12, although with a bigger SD, showing that the amount of
IL-12 positive cells varies in the different valves. The biggest difference was found in the
amount of CD8", CD45" and CD68", although, there was no significant correlation between the

control and the RHD valves.

Mediators of valvular affection

A lower ASOT level at the time of assessment is related to absence of structural lesions which
might suggest that high ASOT levels might be indicators or risk factors for the development of
structural affection. Diagnosis of RHD was related to a lower platelet count, while high IL-6
levels were related to functional lesions. Importantly, structural, functional and RHD features
were related to high TNF-a levels while a lower WBC was an indicator for reversibility of the
functional affection.

All cytokines were present in the majority of the valves, however, the presence and grade of
staining was increased for IL-10 and IL-12. IL-4 was found in the majority of the valves,
however, it showed the lowest grade of staining. The presented results suggest that an increase in
IL-10 and IL-12 are the major regulatory cytokines in mediating valvular damage, while an
increase of IL-2, IL-6 and IL-8 might also contribute to the pathogenesis. Importantly, till date
IL-6 and IL-12 had not been reported to be elevated in RF and RHD. IL-1a was found only in
75% of the valves, however, it showed an increase grade in staining, suggesting its contribution
to valvular lesions. Importantly, IL-4 was present in the majority of the valves, however, in a
lower amount compared to the other cytokines, suggesting that a decrease in IL-4 contributed to
the valvular affection. An increase in serum IL-10 and a decrease in IL-1b and IL-8 seem to be
indicators for the development of valvular lesions, as they seem to be related to an increase of
valvular IL-12 and decrease of IL-4. Moreover, high lymphocyte counts and ASOT indicate an

increase of IL-8 and IL-1a, respectively.
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Variables that seem to correlate with valvular lesions include older age at the time of the RF
attack and female gender which seem be related to an increase in valvular IL-6 and decrease of
IL-4. However, younger age at the time of screening, which is related to a younger age at the
time of the first RF attack was related to a decrease of haemal IL-1b, leading to decrease of

valvular IL-4, which might be a negative prognostic indicator.

7.6 Conclusions

In Egypt, lower ASOT and WBC levels seem to suggest a lower level of infection while high
TNF-a and IL-6 levels seem to be an indicator of disease. Furthermore, an increase in serum IL-
10 and decrease in IL-1b and IL-8 seem to be indicators for the development of valvular lesions.
In our series, CD4+, CD8+ and CD45+ were found in the majority of valves, which seems to be
associated with the progression of the disease (Guilherme 2001, Figueroa 2002) with IL-10 and
IL-12 being the major regulatory cytokines in mediating valvular damage, while 1L-2, IL-6 and
IL-8 might also contribute to the pathogenesis. Therefore, it is believed that T lymphocytes are
the major effectors of heart lesions and display a degenerate pattern of antigen recognition
(Guilherme 2004%). Nevertheless, the presence of activated inflammatory cells indicates ongoing
inflammatory reaction suggesting that an ongoing immunological reaction is still present in the
apparently quiescent phase of the disease, which might mediate the valvular affection seen in
RHD.

CD4" T-cells are suggested the major effectors of the heart tissue, leading to RHD lesions in
Egypt as Streptococcal and host antigen cross-reactive antibodies facilitate heart tissue
infiltration by T-lymphocytes. Therefore, inflammatory cytokines such as, TNF-a and others
seem to be mediators of valve lesions and the decrease of IL-4, a regulatory cytokine, seems to
be related to the pathogenesis valve lesions in RHD patients.

The presented results illustrate earlier observations describing how the predominant Thl-type
cytokine produced mainly by CD4" T-cells infiltrating valve tissue could mediate the severe
RHD valve lesions, with the pattern of cytokine production in the heart lesions favouring a Thl-
mediated disease.

The raised WBC and lymphocyte count found in our study, nevertheless the use of penicillin

prophylaxis, are signs of ongoing infection, common seen in ARF. Furthermore, elevated ESR
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and CRP levels suggest maintenance of acute phase inflammation. However, the elevated
inflammatory parameters may be related to the short interval since the RF attack or the presence
of recurrences. In Egypt, a low platelet count and high ASOT seem to be risk factors for cardiac
affection while reversibility of functional lesions is related to a lower WBC. Importantly,
penicillin prophylaxis results in a lower WBC and CRP and a higher platelet count, showing the
importance of use and compliance to the regimen.

Based on the presented results that show immune activation there is evidence of the presence of
an ongoing immunological reaction in an apparently quiescent phase of the disease in Egypt. The
presence of several proinflammatory cytokines in peripheral blood as well as valvular tissue of
RF and RHD patients enforces the hypothesis of a major role of inflammatory cytokines in
mediating heart lesions earlier suggested. Importantly, disease seems more severe in females and
in those who acquire RF at an older age and is related to non-compliance to the penicillin

prophylaxis.
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8.1 Background

RHD valves have shown altered architecture and histology (Sampaio 2007), which seem to lead
to distortion of valve function and mechanics. We hypothesized that the inflammation process
seen in RHD changes the valvular histology and architecture, affecting the location, features and
characteristics of the different areas of the valve. The aim was to analyze the structural
characteristiscs of RHD valves from Egypt to determine the changes caused by the disease and
the related determinants of RHD.

8.2 Patients and methods
Individuals admitted at the Cardio-thoracic department of the NHI, Imbaba, Cairo and scheduled

for valve replacement due to RHD were recruited as described in chapter 3, pg. 75.

Sample collection

Excised valves from the individuals recruited were collected during the procedures. The valvular
tissue was stored in formalin directly after collection and then embedded in paraffin as described
in chapter 3, pg. 89. The samples were transported to the HSC for histology and
immunohistochemistry analysis.

The condition of the normal valves is expected to be the same and there was no significant
difference in the results found. We have therefore reported the combined results for an easier
overview and comparison of the results. The reason that we have only used 2 control valves is

due the fact that it is very difficult to collect healthy human valvular tissue.

Histology Analysis
Staining was graded as mild, moderate and intense depending on intensity of the staining.

Grading:
Mild (1+) - Weak staining.
Moderate (2+) — Moderate expression and staining of the fragment

Intense (3+) — Intense staining of the fragment
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Van Gieson staining: Sections were dewaxed in xylene and immersed in 100% alcohol and
stained with Miller’s Elastin (VWR) for 2 hours. This was followed by differentiation in 90%
methanol and washing in tap water and distilled water. The sections were incubated with Van
Gieson for 5 minutes and then rehydrated rapidly and mounted with DPX.

Alcian Blue/ Sirius red staining: Sections were dewaxed and rehydrated in water and then the
nuclei were stained with Weigests Haematoxylin A + B for 10 minutes. This was followed by
differentiation in Acid Alcohol, washing in distilled water, staining with Alcian Blue 0.5% for
15-20 minutes then washing with distilled water. The sections were then stained with
phosphomolybdic acid 1% acid for 20 minutes, washed with distilled water, then stained with
Sirius Red for 1 hour. The sections were dehydrated with alcohol and mounted with DPX.

Statistical analysis

The statistical analysis was performed as described in chapter 3, pg 100.

8.3 Results

Human Rheumatic Valves and Control Valves

Valve tissues were collected at the time of surgery. We obtained 24 human rheumatic valves
from patients (n=24, mean age, 35.42 years, range, 14 to 63 years, male, 13, female, 11) at the
time of surgical valve replacement. We compared them to 2 control valve tissue (n=2, gender:

male, age:, 56 and 62 years) obtained by autopsy.

Calcification
Macroscopic inspection of the valve fragments after collection revealed calcification in 80.2%

(n=19) of the valves.

Neovascularisation
Haematoxylin stained sections showed neovascularisation in 71.4% (n=17) of the RHD valves as

VWEF stains endothelial cells in the blood vessels showing vascularisation in valves.
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Histology staining of the Valves for ECM proteins
Elastin fibres and sulphated GAG distribution

A total of 19 valves were stained for ECM proteins. The Elastin Van Gieson staining showed
that there was an increase of elastic fibres in the RHD valves. Furthermore, elastic fibres
appeared to be fragmented and were distributed throughout the leaflet (84.2%, n=16). In the
normal leaflet elastin fibres was localized mostly in the ventricularis (Figure 8.1). In the RHD
valves, elastin fibres was also mostly found in the ventricularis in 14 of the 19 valves studied,

however was present in all areas (ventricularis, spongiosa and fibrosa) in one of the valves.

(dark purple= elastin fibres, pink= collagen) The elastin fibres seem to be fragmented and

distributed throughout the whole leaflet in the RHD valve while it is localized mostly in

ventricularis in the control valve. * Ventricularis, arrow = fragmented elastin
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Figure 8.2 Magnification of elastin staining in RHD valve (B1)

Table 8.1 Strength and distribution of Elastin Van Gieson staining

% N

Score for staining strength

Weak 5.3% 1

Intermediate 15.8% 3

Intense 78.9% 15
Distribution
Ventricularis 73.7% 14
Spongiosa 63.2% 12
Fibrosa 10.5% 2
Fragmented 84.2% 16

Table 8.2 Localisation of elastin fibres

Localisation N
Ventricularis (only) 31.6% 6
Spongiosa (only) 26.3% 5
Fibrosa (only) 0% 6
Ventricularis + spongiosa 31.6% 1
Ventricularis + fibrosa 5.3% 1
Ventricularis + spongiosa + 5.3% 1
fibrosa
Spongiosa + fibrosa 0% 0
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Figure 8.3 Alcian Blue staining in control (C) and RHD valve (D), respectively.

GAGs

Alcian blue staining in a total of 19 valves demonstrated that in the RHD valves leaflets

sulphated GAG distribution and the amount was comparable to normal valves. GAGs were the

most prominent the spongiosa (84.2%, n=16), followed by the fibrosa of 10.5% (n=2) valves and

the least in the ventricularis (5.3%, n=1).

Table 8.3 Strength and distribution of GAGs

% N

Score for staining strength

Weak 26.3% 5

Intermediate 26.3% 5

Intense 47.4% 9
Distribution
Ventricularis 5.3% 1
Spongiosa 84.2% 16
Fibrosa 10.5% 2

249

Rheumatic Heart Disease in Egypt



Chapter 8 Structural and Biochemical characteristics of RHD

VWF

A total of 7 valves were stained for VWF which was present in all (n=7) RHD valves with a total
density of 3.01+3.77 cellssmm? among the valves. VWF was the most prominent in the
spongiosa (100%, n=7) (Table 8.4).

Table 8.4 Strength and distribution of VWF

% N
Ventricularis 85.7% 6
Spongiosa 100% 7
Fibrosa 42.9% 3
Localisation
Ventricularis (only) 0% 0
Spongiosa (only) 0% 0
Fibrosa (only) 0% 0
Ventricularis + spongiosa 57.1% 4
Ventricularis + fibrosa 0% 0
Ventricularis + spongiosa + 28.6% 2
fibrosa
Spongiosa + fibrosa 14.3% 1

Staining of the Valves for Collagen

Collagen types I, 111
Immunohistochemistry studies on Collagen types I and Il show that collagen | was increased in
the coapting edge and predominantly found in the spongiosa. Collagen 111 was mostly found in

the spongiosa and ventricularis of the RHD valves.

Collagen |
Collagen I was present in the spongiosa of all valves stained (n=20), and in the ventricularis of
63.2% (n=12) and the fibrosa of 57.9% (n=11) of the valves. Most of the collagen | was
fragmented (94.7%, n=18) and shifted from its natural location (89.5%, n=17). Furthermore, the
total amount of collagen | was decreased in 84.2% (n=16) of the valves compared to normal
valves.
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Table 8.5 Strength and distribution of collagen |

% (N)

Score of staining strength
weak
Intermediate
Distribution
Ventricularis
Spongiosa
Fibrosa

Fragmented
Distribution
Normal
Shifted
Amount
Normal
Increased
Decreased

47.4% (n=9)
26.3% (n=5)

63.2% (n=12)
100% (n=19)
57.9% (n=11)

94.7% (n=18)

10.5% (n=2)
89.5% (n=17)

15.8% (n=3)
0% (n=0)
84.2% (n=16)

Table 8.6 Localization of collagen |

Localization

Ventricularis (alone)
Spongiosa (alone)

Fibrosa (alone)
Ventricularis + spongiosa
Ventricularis + fibrosa
Ventricularis + spongiosa +
fibrosa

Spongiosa + fibrosa

0% (n=0)
26.3% (n=5)
0% (n=0)
15.8% (n=3)
0% (n=0)
47.4% (n=9)

10.5% (n=2)
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Figure 8.4 Collagen I staining in control valve (J) and RHD valve (K), respectively. * Ventricularis,
arrow = collagen I

Collagen 111

Collagen I11 was present in the spongiosa and ventricularis of all valves stained (n=20), and the
fibrosa of almost all valves (94.7%, n=18). Collagen Il was present in the ventricularis,
spongiosa and fibrosa in 94.7% (n=18) of the valves. All collagen Il present in the valves was
fragmented (100%, n=19) and most was shifted from its natural location (84.2%, n=16). The

amount of collagen I11 was normal in most valves (63.2%, n=12) compared to normal valves.

Figure 8.5 Collagen Il staining in control valve (L) with collagen mainly in the fibrosa and RHD
valve (M) where the staining seems to be shifted to the middle, respectively. * fibrosa
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Table 8.7 Strength and distribution of collagen 11l

Table 8.8 Localization of collagen Il

% (N)

Score

weak 0% (n=0)

Intermediate 15.8 (n=3)

intense 84.2% (n=16)
Distribution
Ventricularis 100% (n=19)
Spongiosa 100% (n=19)
Fibrosa 94.7% (n=18)

100% (n=19)

Fragmented
Distribution
Normal 15.8% (n=3)
Shifted 84.2% (n=16)
Amount
Normal 63.2% (n=12)
Increased 31.6% (n=6)
Decreased 5.3% (n=1)
Localization
Ventricularis (alone) 0% (n=0)
Spongiosa (alone) 0% (n=0)
Fibrosa (alone) 0% (n=0)
Ventricularis + spongiosa 5.3% (n=1)
Ventricularis + fibrosa 0% (n=0)

Ventricularis + spongiosa +
fibrosa
Spongiosa + fibrosa

94.7% (n=18)

0% (n=0)
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8.4 Discussion
In our series the stained sections of the diseased valves showed distortion of normal architecture.

However, this was not surprising as RHD valves have shown altered architecture and histology,
including fibrosis, calcification and neovascularization (Sampaio 2007) as well as changes in the
collagen, elastin and GAGs distribution and localization, which seem to lead to distortion of

valve function and mechanics.

The amount of elastic fibres found was increased and predominantly fragmented, and could be
found throughout the whole leaflet while in normal valves it was found in the ventricularis (Scott
1995). However, elastic fibers have been reported to be increased with age (Gallegos 2005,
Bashey 1967) and in pathological valves (Imayama 1989). Therefore, the found results might
suggest that the pathology RHD affects the elastic fibres in the valve, accelerating the
mechanism of aging in the valve. VWF was found in all RHD valves, but predominantly in the
spongiosa and not lining the ventricularis as expected.

Only the GAG distribution and amount was comparable to normal valves, which together with
water form the main components of the spongiosa (Scott 1995). This is not as we had expected
as the composition and amount of GAGs is known to vary based on the type of mechanical
loading (Grande-Allen 2004) as seen in valve affection, and the fact that altered GAG
composition has been shown to play an important role in several heart valve diseases. However,
our findings might be due the fact that GAG composition and amount might not be affected by
inflammatory mechanisms associated with RHD.

Collagen | was found mainly fragmented and shifted to the spongiosa, although present in all
areas of the leaflets and Collagen Il was present in normal amounts but was fragmented and
shifted predominantly to the spongiosa of the RHD valves. This is surprising as collagen with
only a small amount of elastin is primarily found in fibrosa (Clark 1974). Importantly, the
collagen in the fibrosa is more organized than in the ventricularis. However, damage to the

elastin network alters the mechanics and accelerates mechanical degeneration, enforced by the
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additional effects of fragmentation of elastin and reconformation and slippage of collagen fibers

(Viidik 1982) which might explain the distorted location of the collagen fibers.

The presented results showing changes in elastin and collagen amount, localization and
distribution suggest that changes in valve mechanics in RHD might be due to the changes in the
elastin and elastic fibres in combination with changes in valvular collagen as the valve function
and mechanics rely on an interaction between elastin and collagen conditions and changes of
which the folded shape of the valve is dependent. Importantly, the function of elastin is highly
dependent on its configuration and relative content in the valve and specially its organization
relative to collagen. Furthermore, valvular elastin seems to act as a ‘housekeeper’ that restores
the collagen fibre geometry back to its original conformation between successive loading
cycles, and is therefore critical to proper valve function (Vesely 1998) which shows how changes
in elastin can affect the collagen fibres and therefore the valvular function, leading to damage of

the valve.

Collagen I has been found to be decreased in aortic stenosis compared to normal aortic valves,
despite a two- to three-fold increase in type | procollagen synthesis indicating an increased
turnover of type | collagen in aortic stenosis, with degradation exceeding the synthesis.
Importantly, this finding seemed to be more predominant around calcified nodules. However, the
amount of collagen 11l did not show changes and the proportions of type | and type 1l collagens
remained preserved. These results could implicate that RHD influences the decrease in collagen |
as found in our series leading to the calcification and the resulting valvular damage (Eriksen
2006).

Features like fibrosis and neovascularization have been observed in most of RHD valves,
indicating that the valve has gone through previous episodes of rheumatic activity and it is
believed that the degree of fibrosis is also proportional to the number of acute episodes (Sampaio
2007). In our series, neovascularization was seen in 71.4% of the RHD valves, confirming the
earlier suspicions. Calcification is a feature that suggests chronic valvular involvement (Sampaio

2007). Furthermore, calcification in diseased/distorted valves in RHD as recent studies indicate

255

Rheumatic Heart Disease in Egypt



Chapter 8 Structural and Biochemical characteristics of RHD

that calcification is not merely an inactive, "dystrophic” process but involves a regulated
inflammatory process associated with expression of osteoblast markers and neoangiogenesis
(Chopra 2007).

The composition of the mitral and aortic valves is very similar, being composed mostly of
collagen and GAGs with elastin constituting a much smaller fraction of valve substance (Gross
1931, McMillan 1964, Sell 1965). However, alterations in valve tissue composition start to differ
between the mitral and aortic valves as the valves age. The proportion of constituent GAGs and
elastin increases significantly in the mitral valve between the third and sixth decades of life,
while there is a concomitant decrease in the proportion of collagen. Surprisingly, the GAG
content in aortic valves does not change significantly with advancing patient age.

Collagen fibers appear thicker and more disoriented with time in the mitral valve while in the
aortic valve aging shows that modest decrease in relative collagen content is accompanied by a
dramatic increase in elastin (McDonald 2002). The similarity between the mitral and aortic
valves suggests that the mechanisms affecting the valves in RHD might be equal, leading to
similar pathology.

8.5 Conclusion

Distortion of normal architecture was found in the majority of the studied valves as expected in
RHD which is characterized by altered architecture and histology as well as composition.
Features like fibrosis and neovascularization have been suggested to be the result of
inflammatory process and rheumatic activity. The increase of elastic fibres suggests that the
pathology RHD affects the elastic fibres in the valve, accelerating the mechanism of aging in the
valve. Nevertheless, changes in the collagen, elastin and GAGs distribution and localization,
seem to lead to distortion of valve function and mechanics as these features rely on an interaction
between elastin and collagen conditions. Moreover, the function of elastin is highly dependent on
its configuration and relative content in the valve and specially its organization relative to
collagen. Therefore, fragmentation and dislocation of the majority of valvular components alters
the valve mechanics and accelerates mechanical degeneration. The presented results also show
that the mechanisms related to RHD differ from degenerative lesions, being more dependent of

collagen conditions and minerals rather than cholesterol.
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Chapter 9 Streptococcal sensitivity to antibiotics

9.1 Background
Penicillin remains the drug of choice for treatment of streptococcal infections, and ever since

penicillin was first introduced all strains have remained exquisitely sensitive to this antibiotic.
(Betriu 1989, Brook 1984, Kim 1985) However, in recent years, increasing rates of macrolide
resistance have been described in various regions of the world (Michos 2009, Bingen 2004,
Green 2006, Perez-Trallero 2007) and it is believed that changes in the prescription pattern of
antibiotics or macrolide consumption could theoretically have an impact on the macrolide
resistance rates (Bergman 2004, Fujita 1994).

The resistance for Erythromycin, which is currently recommended as an alternative antibiotic for
treatment of GAS infections in patients allergic to B-lactams or in cases of penicillin failure
(Lowbury 1959, Bisno 1996, Maruyama 1979, Zackrisson 1988, Trallero 1989, Linares 1992,
Hsueh 1995, Wu 1997, Cornaglia 1998) has been reported to reach up to 100% (Liu 2009).
Furthermore, resistance to clarithromycin, azithromycin, and clindamycin has been detected with
resistance rates ranging up to 44.8%, 19.2% and 23.2%, respectively (Kim 1985). Therefore, the
increase in macrolide resistance among streptococci is a concern, as they are the common
regimen for the treatment of streptococcal infections.

The aim of this study was to determine the antimicrobial susceptibilities of B-hemolytic strains
cultured from throat swabs of individuals with history of RF or RHD and evaluate the
effectiveness of penicillin prophylaxis in these cases. It is also important to identify the current
antibiotic sensitivity and resistance rate in our region for the best treatment regimen for

streptococcal infections.

9.2 Patients and methods
Individuals visiting the outpatient clinic or admitted at the Cardio-thoracic department of the
NHI were recruited as described in chapter 3, pg. 75.

The study population consisted of:
¢ Group I: -Individuals with a positive history of RF visiting the centre for penicillin

prophylaxis with or without cardiac involvement
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*

-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

Group I1: Patients admitted for RHD and scheduled for valve replacement.

Sample collection

A throat swab was taken and streaked immediately across a blood agar plate for culturing of the

organism as described in chapter 3, pg. 90. The B-hemolytic strains cultured from the throat

swabs were analyzed for the antibiotic sensitivity.

Culturing

*

*

The swab was streaked immediately after collection across a blood agar plate

The blood agar plate was allowed to incubate at (35°-37°C) for 24-48 hours to allow the
growth of bacteria

After incubation the colonies on the agar plates were analyzed

Hemolytic colonies were identified

Sensitivity testing: Susceptibility testing is used to determine which antimicrobial inhibits the

growth of the bacteria causing the infection. If the bacteria are susceptible to a particular
antibiotic, an area of clearing surrounds the wafer where bacteria are not capable of
growing (called a zone of inhibition). The size of the zone and the rate of antibiotic
diffusion are used to estimate the bacteria’s sensitivity to that particular antibiotic. The
results from this test helps determine which antibiotic is the most effective in treating the

infection.

+ Antibiotics tested:

*

*

*

L 4

L 4

Levofloxacin 5 mcg (BioAnalyse)
Erythromycin 15 mcg (BioAnalyse)
Vancomycin 30 mcg (BioAnalyse)
Ciprofloxacin 5 mcg (BioAnalyse)
Gentamycin 10 mcg (BioAnalyse)

Doxycicline 30 mcg (BioAnalyse)
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+ Penicillin 10U (BioAnalyse)
+ Bacitracin 10U (BioAnalyse)
+ Taxo- differentiation discs (Benex Limited)

Detailed steps:
+ Samples of the identified colonies were re-streaked on antibiotic agar plates
+ Antibiotic discs were placed on the agar plate
+ After incubation the colonies on the agar plates were analyzed for the growth pattern

+ The antibiotic sensitivity was analyzed

Statistical analysis

The statistical analysis was performed as described in chapter 3, pg 95.

9.3 Results
From the total of 309 throat swabs collected, 16.18% (n=50) showed growth of B-hemolytic

organisms. All cultures were sensitive to Ciprofloxacin and Levofloxacin. Three (6%) cultures
were intermediately sensitive while 11 (22%) were resistant to Vancomycin. One (2%) culture
was intermediately sensitive while 2 (4%) were resistant to Penicillin. Five (10%) cultures were
intermediately sensitive while 14 (28%) were resistant to Gentamycin. Two (4%) cultures were
intermediately sensitive while 4 (8%) were resistant to Erythromycin. One (2%) culture was
intermediately sensitive while 1 (2%) were resistant to Doxycycline.

One (2%) culture was intermediately sensitive for Erythromycin and resistant to Gentamycin,
while 1 (2%) culture was additionally resistant to Vancomycin. Two (4%) cultures were resistant
to Vancomycin and Gentamycin. Resistance to Gentamycin and Erythromycin was seen in 1
(2%) culture, while another culture was intermediately sensitive to Vancomycin. One (2%)

culture was resistant to Vancomycin, Penicillin and Gentamycin.

Determinants of antibiotic sensitivity
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Females tended to show higher resistance rates to Vancomycin, Gentamycin and Doxycycline,
while males showed higher resistance to erythromycin (Table 9.1). Younger patients tended to
show more often resistance to erythromycin (p=0.045), and although not significantly correlated,
older patients tended to show higher rates of resistance to Vancomycin (p=0.080).

History of RF and the presence of recurrences was related to higher resistance rates for all
antibiotics and individuals on penicillin prophylaxis showed more often resistance to the tested
antibiotics (Figure 9.2). A shorter time since the first RF attack was related to an increase in
resistance to Gentamycin. No relation was found between the penicillin schedule and compliance
and the resistance profile for the tested antibiotics. However, no significant correlation was
found between the gender, history RF, recurrence, penicillin prophylaxis and the resistance to
antibiotic.

Table 9.1 (1) Distribution of antibiotic resistance

Vancomycin Penicillin Gentamycin
Intermediate  Resistant Intermediate  Resistant Intermediate  Resistant
Male 2% (n=1) 8% (n=4) 0% (n=0) 2% (n=1) 4% (n=2) 14% (n=7)
Female 2% (n=1) 14% (n=7) 2% (n=1) 2% (n=1) 4% (n=2) 14% (n=7)

History of RE 4% (n=2) 20% (n=10) 2% (n=1) 2% (n=1) 6% (n=3) 24%(n=12)
No history RF 0% (n=0) 2% (n=1) 0% (n=0) 2% (n=1) 2% (n=1) 4% (n=2)

Recurrences 4.9% (n=2) 14.6% (n=6) 2.4% (n=1) 2.4% (n=1) 7.3% (n=3) 26.8% (n=11)

No

0% (n=0) 9.8% (n=4) 0% (n=0) 0% (n=0) 0% (n=0) 2.4% (n=1)

Penicillin 4.0% (n=2)  20% (n=10) 2% (n=1) 4.0% (n=2) 8.0% (n=4)  24.0% (n=12)
No penicillin 0% (n=0) 2% (n=1) 0% (n=0) 0% (n=0) 0% (n=0) 4.0% (n=2)
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Table 9.1 (2) Distribution of antibiotic resistance

14% -
12% A
10% +
8% A
6% -
4% -

2% -

0%

Erythromycin

Doxycycline

Intermediate  Resistant Intermediate  Resistant
Male 0% (n=0) 6% (n=3) 0% (n=0) 0% (n=0)
Female 4% (n=2) 2% (n=1) 2% (n=1) 2% (n=1)
History of RF 4% (n=2) 8% (n=4) 2% (n=1) 2% (n=1)
No history RF 0% (n=0) 0% (n=0) 0% (n=0) 0% (n=0)
Recurrences 4.9% (n=2) 7.3% (n=3) 2.4% (n=1) 2.4% (n=1)
No 0% (n=0) 2.4% (n=1) 0% (n=0) 0% (n=0)
Penicillin 4.0% (n=2) 8.0% (n=4) 2% (n=1) 2% (n=1)
No penicillin 0% (n=0) 0% (n=0) 0% (n=0) 0% (n=0)
H Male
H Female
| | R | | R | | R | | R | | R
Vancomicin Penicillin Gentamicin Erythromicin Doxycycline
Figure 9.1 Distribution of antibiotic resistance by gender
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Figure 9.2 Distribution of antibiotic resistance by history of RF, recurrences and penicillin use

9.4 Discussion

The resistance for penicillin found in our series was surprising as all streptococcal strains have
been reported to remain exquisitely sensitive and susceptible to Vancomycin (Ciftci 2003, Betriu
1993) and penicillin till date (Horn 1998, Betriu 1993), which is interesting, although the reason
for this unique lack of development of resistance to penicillin is still unknown (Horn 1998).
However, penicillin failure has also been reported in up to 10- 25% for streptococcal disease,
(Stillerman 1986, Holm 1995) especially due to penicillin tolerance (Grahn 1987, Kim 1985).
Importantly, the presented results show for the first time resistance to VVancomycin in 22% of the
cases, with intermediate sensitivity in 6% of the cases.

Resistance to erythromycin has been reported in 5% to 44.8% of the strains (Ciftci 2003, Koh
2010, Kim 1985) with a significant prevalence of Erythromycin resistant streptococci around the
world (Maruyama 1979, Zackrisson 1988, Trallero 1989, Linares 1992, Hsueh 1995, Wu 1997,
Cornaglia 1998). However, in our series the resistance for Erythromycin was 8%, with
intermediate sensitivity in 4%. These results do not support the theory of the substantial increase

in erythromycin resistance which has been associated with the increase in the consumption of
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macrolide antibiotics (Ciftci 2003), however, these findings might be dependent on
epidemiological and geographic factors.

Our series shows cross resistance of several strains for different combinations of antibiotics,
especially Gentamycin, Erythromicin and Vancomycin and indicate a concern regarding
tolerance and increased resistance rates for Vancomycin and Gentamycin, with also a slight
tolerance or resistance to Penicillin. This is of high importance when selecting the best treatment
regimen for streptococcal disease and indicates new public health concerns. The resistance rates
and profiles found, which have been related to increase or excessive use of macrolide antibiotics
show the importance to determine the geographic prevalence of resistant strains and resistance
profiles to facilitate and improve clinical care.

The gender differences in resistance rates could not be explained in our study. However,
resistance to erythromycin seems related to the male gender and younger age, while older
patients tend to show resistance to Vancomycin.

The fact that history of RF and the presence of recurrences were related to higher resistance rates
for all antibiotics might be due the fact that this resistance results in development and
recurrences of RF due to antibiotic failure. Interestingly, individuals on Penicillin prophylaxis
showed more often resistance to the tested antibiotics, which might be related to excessive and
prolonged consumption of antibiotics. These results should be considered when prescribing
antibiotic treatment and prophilaxis regimens and might have huge impact on clinical care.

9.5 Conclusions

Our series shows significant resistance for Penicillin and Vancomycin in Egypt, while the
resistance to erythromycin was not shown to be as common as expected. Importantly, cross
resistance for different combinations of antibiotics was found, indicating new public health
concerns when treating streptococcocal infection. The presented results suggest that the
resistance to antibiotic regimens might be the cause of development and recurrences of RF, being
therefore a determinant factor for the development of RHD in Egypt. This study underlines the
importance to determine the geographic prevalence of resistant strains and resistance rates and
profiles for an improvement in clinical care. It also points to the importance of limiting antibiotic

consumption to prevent decreased sensitivity and cross resistance to antibiotics.
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Chapter 10 Antigenic targets for evaluation and diagnosis of streptococcal infection

10.1 Streptococcal strain responsible for RF in Egypt

RF is believed to be caused by repeated infections with group A (GAS), and recently group C
and G streptococci have been identified as possible causative pathogens. Furthermore, the variety
in M-types of GAS caused by variations in emm gene sequences leads to different characteristics
and rheumatogenic potential of the strains adding to the complexity of the pathogenesis of RF.
The variety in causative strains, their rheumatogenicity and geographic variety have led to
difficulties in the understanding of the epidemiology of streptococcal disease, while RF and
RHD remain major health care concerns. Importantly, the geographical variety in types of
streptococcal strains and their rheumatogenicity has not been clarified till date. This study was
designed to identify the particular strain of Streptococci responsible for RF/RHD in Egypt and its
rheumatogenicity through serotyping for the particular type of M protein as well as DNA studies

of the genes which encode these virulence factors (emm).

10.1.1 Patients and Methods
Individuals visiting the outpatient clinic or admitted at the Cardio-thoracic department of the

NHI were recruited as described in chapter 3, pg. 75.

The study population consisted of:
¢ Group I: -Individuals with a positive history of RF visiting the centre for penicillin
prophylaxis with or without cardiac involvement
-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

¢ Group Il: Patients admitted for RHD and scheduled for valve replacement.

Sample collection

A throat swab was taken and streaked immediately across a blood agar plate for culturing of the

organism as described in chapter 3, pg. 90.

Culturing
+ The swab was streaked immediately after collection across a blood agar plate
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+ The blood agar plate was allowed to incubate at (35°-37°C) for 24-48 hours to allow the
growth of bacteria
+ After incubation the colonies on the agar plates were analyzed

+ Hemolytic colonies were identified

The cultured organisms were stored in THB as follows:
+ Samples of the identified colonies were collected with a sterile loop
+ Sterile loop were stabbed in THB agar tubes
¢ The tubes was allowed to incubate at (35°-37°C) for 24-48 hours
¢ The agar tubes were stored at 4°C for a maximum of 3 weeks
¢ The tubes were transported to the Helmholtz Centre at room temperature

10.1.2 Results and discussion

The cultured organisms were stored in THB prior to their transport to the Helmholtz Centre for
analysis. Unfortunately, upon arrival, none of the organisms was retrieved.

To rule out technical failure, the protocol for culturing and storage of the organisms was revised
and a pilot of 25 new samples was collected from the same patient group and in the same
conditions. However, this has not led to retrieval of organisms for serotyping for the particular
type of M protein as well as DNA studies of the genes for profiling of the emm gene sequences
and determining the geographical variety of the strains and their rheumatogenic potential.

We have therefore, been unable to identify the particular strain of Streptococci responsible for

RF/RHD in Egypt and its rheumatogenicity.
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10.2 The potential of PARF as a diagnostic marker

It has been shown that rheumatogenic streptococcal strains are able to bind and aggregate human
collagen and that the development of RF and RHD is related to the formation of a streptococcal
autoantigenic complex with human collagen IV with binding and aggregation to collagen through
an octapeptide in M proteins of rheumatogenic strains, PARF (peptide associated with rheumatic
fever). Furthermore, a collagen autoimmune response accompanied by specific reactivity against
the collagen-binding proteins has been shown in sera of RF patients, linking the observed effect
to clinical cases. PARF is therefore believed to play a crucial role in the pathogenesis of RF
through its action on collagen, making it a promising candidate for diagnosis of rheumatogenic
streptococcal strains. This study aims at shedding more light on regional characteristics of RF
pathogenesis trough identification of the causative bacteria and the value of PARF as a
diagnostic marker for the early detection of rheumatogenic strains (Dinkla 2007). This included
Collagen-binding assays were performed for the evaluation and analysis of the binding between
the octapeptide PARF and collagen IV and the potential of PARF as a diagnostic marker for the
early detection of rheumatogenic strains and the diagnosis of RHD.

10.2.1 Patients and Methods
Individuals visiting the outpatient clinic or admitted at the Cardio-thoracic department of the
NHI were recruited as described in chapter 3, pg. 75.

The study population consisted of:
¢ Group I: -Individuals with a positive history of RF visiting the centre for penicillin
prophylaxis with or without cardiac involvement
-Individuals visiting the NHI outpatient clinic for suspicion of RF or RHD

+ Group II: Patients admitted for RHD and scheduled for valve replacement.

Sample collection
Blood was collected by venipuncture into 1 non-additive tube as described in chapter 3, pg. 88.
The serum samples were analyzed by collagen-binding assays for the evaluation and analysis of

the collagen IV binding and the potential of PARF as a diagnostic marker.
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Detection of collagen-reactive antibodies in patient sera

To determine anti-collagen antibody titers, plates (Greiner, Frickenhausen, Germany) were
coated overnight at 4°C with anti-human CIV rabbit serum (Progen Biotechnik GmbH) diluted
1:100 in coating buffer, blocked with 2% BSA in PBS, and incubated with CIV (2 pg/ml in PBS)
for 1 hour at room temperature.

Patient sera (diluted 1:50 to 1:50,000 in serial dilutions in PBS) were added to wells and
incubated for 1 hour at 4°C. After washing, a 1:5,000 dilution of HRP-conjugated rabbit anti-
human IgG (Sigma-Aldrich) was added and incubated for 1 hour at 37°C.

Antibody binding was detected using 2,2-azino-di-[3-ethylbenzthiazoline sulfonate]
diammonium salt (ABTS) tablets (Boehringer Ingelheim GmbH, Mannheim, Germany) as
substrate. The absorbance was determined at 405 nm in triplicates.

The cutoff titer for CIV was defined as 165 calculated from sera from healthy controls. Serum
titers were obtained in independent assays and normalized against a rheumatic fever serum

included in all tests for standardization.

10.2.2 Results and discussion

Testing of the protocol for detection of collagen-reactive antibodies in test sera (Rheumatic
Fever serum) prior to the analysis of the collected patient samples resulted in insufficient levels
of collagen and failed to show collagen reaction. This has led to revision and evaluation of the
protocol.

The protocol was revised and adapted as follows:

-The dilution of CIV was decreased to 1:20 and 1:2

-The 1 hour incubation with CIV was was replaced by overnight incubaction.

-The dilution of the sera was decreased up to 1:1 and a finaly, undiluted serum was used.

-The 1 hour incubation of the sera was replaced by overnight incubaction.

-The dilution of HRP-conjugated rabbit anti-human IgG was decreased from 1:5,000 to 1:3,000
and 1:2,000

-The 1 hour incubation of the HRP-conjugated rabbit anti-human IgG was replaced by overnight

incubaction.
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Finally, newly acquired and prepared CIV, CIV rabbit serum, BSA, HRP-conjugated rabbit anti-
human IgG and ABTS were tested. However, the anti-collagen antibody titers remained bellow
significance threshold to allow analysis and comparison and the tests were therefore labeled

negative for the collagen reaction.

As we were unable to show any collagen reaction in the test sera, which was positive for
Rheumatic Fever we have therefore been also unable to test the collagen reaction in our collected
samples, analyze the aggregation between rheumatogenic streptococcal strains and human
collagen and evaluate the formation of a streptococcal autoantigenic complex with human
collagen IV through PARF. This has also led to the fact that we were also unable to test the role
of PARF in the pathogenesis of RF and its potential of PARF as a diagnostic marker for the early

detection of rheumatogenic strains and the diagnosis of RHD.

10.3 Conclusions

We have failed in the aims of this study and in shedding more light on regional characteristics of
RF pathogenesis trough identification of the causative bacteria and the value of PARF as a
diagnostic marker for the early detection of rheumatogenic strains.

Unfortunately, the methods used today are still insufficient and need revision and evolution in
order to satisfy the aims of this chapter. This shows the need and importance of more research
focused on the antigenic features of the disease to define the mechanisms related to the
pathogenesis of RF and evaluate the proposed formation of a streptococcal autoantigenic
complex with human collagen IV through PARF and its potential as a diagnostic marker for RF
and RHD.
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11.1 Conclusions
Our project describes a series of studies on the epidemiology, clinical and laboratory profile of

RF and RHD, a major health challenge and one of the leading neglected diseases worldwide.
This condition affects several million people throughout the world, especially children and
young adults. However, the true disease burden has been underestimated with many gaps in our
knowledge of its pathogenesis and mechanisms, owing to the almost total lack of
echocardiographic screening for this condition and little attention from the scientific community
in the last decades leading to few important initiatives and little research.

Echocardiography is a successful screening tool to diagnose subclinical cardiac affection which
benefits from identification and thence secondary prevention. However, there has been debate
concerning the echocardiographic signs of early RHD and the diagnostic criteria to be used.

Our study has attempted at using modern tools and innovative approaches to investigate RF and
RHD, and integrates large-scale epidemiological studies with clinical research and laboratory
investigations aiming at unveiling the pathogenesis of the disease. Our main results concern
epidemiology, diagnosis and pathogenesis of RF and RHD and have raised new interrogations

regarding the mechanisms involved.

EPIDEMIOLOGY

Echocardiographic screening has shown that RHD is common in Egypt, affecting up to 69.2% of
the individuals with history of RF and around 23 in 1,000 school children in Aswan. This leads
to the calculated estimates that around 16% of the Egyptian population might have signs of the
disease.

CLINICAL MANIFESTATION

RF

In Egypt, RF presents predominantly in children and young adults, however, it can affect adults
as well. There are considerable variations in the prevalence of the symptoms and clinical
manifestation of RF in different areas and age groups showing the need for a validation of the
clinical diagnostic criteria. Recurrences are very common, and may contribute to the rapid

progression to advanced valvular RHD. The disease awareness affects the use and compliance to
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the penicillin prophylaxis and the success with secondary prophylaxis is critically dependent on

patient education.

RHD

Our series confirms the predominance of mitral valve affection, with regurgitation being the
most common feature in individuals with history of RF in Egypt. However, in overt RHD,
combination of lesions is more predominant. Nevertheless, the amount of mitral stenosis was
comparable to earlier studies.

Over 90% of the RHD cases found in school children in Aswan were subclinical, presenting
predominantly by mitral regurgitation. Aortic or combined valvular lesions are less common and

no stenosis was found in this young population.

Diagnosis

Clinical diagnosis has shown insufficient, resulting in under-diagnosis of cardiac affection in RF
and RHD in Egypt. Echocardiography enables detection of cardiac affection in early phases of
the disease in individuals who might benefit from secondary prevention with penicillin
prophylaxis, resulting in major potential public health benefits.

Since echocardiography uncovers the presence of asymptomatic disease we conclude that it is
the most powerful tool for screening of subclinical RHD, however, there are no universally
agreed criteria for the echocardiographic diagnosis of RHD. As the most characteristic
echocardiographic features of RHD are composed of a combination of structural and functional
affection, we propose the use of diagnostic criteria which combines the functional and structural
characteristics of the disease.

Determinants

Variables that correlate with severity of valve disease in Egypt include age, gender, age at the
time of the first RF attack, family history for RF, recurrences of RF attacks, poor disease
awareness and non-compliance to penicillin prophylaxis.

Younger patients are more at risk for the development of structural, functional and RHD features

while older patients are more at risk of sustaining the found RHD features, with RF attacks at a
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younger age being a risk factor for the development of RHD. However, mitral stenosis is more
common in individuals reporting an older age at the time of the first RF attack. Cardiac affection
seems more severe in males with a higher incidence and sustainability of functional lesions and
RHD as well as increase in the amount of mixed lesions. Diagnosis by cardiac symptoms,
recurrences and a longer time since the first RF attack are indicators for the presence and
sustenance of structural and structural lesions.

A lower disease awareness and non-compliance to penicillin prophylaxis or a regimen with an
interval longer than 15-days result in the development of structural as well as functional valvular
lesions and sustenance of RHD features. Furthermore, a penicillin regimen with an interval
longer than 15-days between the injections is a risk factor for the development of structural and
RHD features. Furthermore, resistance to the antibiotic regimens seems to lead to development

and recurrences of RF, being therefore a risk factor for the development and severity of RHD.

Antibiotic regimens
There is a significant resistance for Penicillin and Vancomicin in Egypt, with cross resistance for
different combinations of antibiotics indicating new obstacles in the treatment of RF and

prevention of RHD.

Prognosis

The outcome of RF is not well established, however, development, sustainance as well as
deterioration of rheumatic valvular lesions are common in RHD while reversibility is related to
adherence to antibiotic prophylaxis. However, in Egypt, structural or functional affection alone
are more often sustained than the combination of both and functional affection are more prone to
develop and less prone to resolve than the structural affection.

Echocardiographic follow-up should be encouraged to assess the progression and long term

outcome of the valvular affection as well as the response to medical treatment and prophylaxis.

274

Rheumatic Heart Disease in Egypt



Chapter 11 Conclusion and future prospects

MECHANISMS OF THE DISEASE

Cellular features in RF and RHD

The presented results suggest the presence of immune activation and an ongoing immunological
reaction in an apparently quiescent phase of the disease with a major role attributed to several
proinflammatory cytokines in peripheral blood as well as valvular tissue in mediating heart
lesions in RF and RHD patients. The presented results illustrate how the predominant Th1l-type
cytokines produced mainly by CD4+ T cells infiltrating valve tissue could mediate the severe
RHD valve lesions as streptococcal and host antigen cross-reactive antibodies facilitate heart
tissue infiltration by T lymphocytes. Importantly, valvular lesions seem more severe in females
and in those who acquire RF at an older age and is related to non-compliance to the penicillin
prophylaxis.

Structural features in RF and RHD

Our series shows distortion of normal architecture, histology and composition in RHD valves.
Fibrosis, calcification and neovascularization as well as changes in the collagen, elastin and
GAGs distribution and localization are common features in RHD, are the result of inflammatory
process and rheumatic activity and lead to distortion of valve function and mechanics.

The pathology of RHD affects the elastic fibres in the valve leading to acceleration of the
mechanism of aging in the valve. The changes in the collagen, elastin and GAGs distribution,
localization and configuration, lead to distortion of valve function and mechanics as these
features are dependent on an interaction between elastin and collagen conditions, which is highly
dependent on its configuration and relative content in the valve and specially its organization

relative to collagen.

Antigenic targets for evaluation and diagnosis of streptococcal infection

Unfortunately, the mechanisms known today are still not sufficient to explain the pathogenesis
and mechanisms of RF or determine the antigenic targets for the evaluation and diagnosis of
streptococcal infection. More epidemiological and laboratory work is needed to analyze and

evaluate the role of PARF in the formation of the autoantigenic complex that seems to be the key
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mechanism for the development of RF and RHD and analyze and evaluate the potential of PARF

as a diagnostic marker for RF and RHD.

11.2 Future directions

This study shows high rates of RHD in Aswan, however, the prevalence in other parts of Egypt
remains unknown.Current accurate data from Egypt remains lacking, while a high prevalence of
RHD is expected around the country, showing the urgent need for more systematic
echocardiography screenings to identify individuals at risk and determine the true disease
burden. RF is a notifiable condition in Egypt, however, no measure has been taken till date to
ensure that cases are enrolled in registers and are offered secondary prophylaxis with regular
penicillin injections, leading therefore to insufficient compliance to the penicillin regimen.
Registration of RF and RHD cases in high burden countries is crucial, as a measure to ensure
control of the disease through the implementation of registry based secondary prophylaxis
programs to improve the compliance to the penicillin prophylaxis.

The epidemiological research has established cohorts of individuals who are well phenotyped by
echocardiographic examination, and whose follow up will give new insights into the mechanisms
and determinants of this condition as well as the long term prognosis. Future research should
include prospective case-control studies to identify the mechanisms of the disease, and define the
determinants involved in the pathogenesis. The cohort of school children established in this study
will be followed up regurlarly, with collection of samples for determination of the cellular and
humoral mechanisms of the disease for the determinants of the disease and the long term

prognosis.

We have confirmed that echocardiographic diagnosis of subclinical RHD is superior and more
specific than clinical diagnosis and detection of a murmur. Therefore, there is the need to define
a new classification of characteristics of valvular affection and lesions in RHD for evaluation and
validation of the echocardiographic diagnostic criteria to be used in screening purposes as well as
clinical diagnosis and management of patients. For this purpose, development of universally
agreed criteria for the echocardiographic diagnosis of RHD is essential, as well as the most

appropriate screening approach to be used, as early detection of subclinical RHD and application
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of and adherence to secondary prevention lead to major public health benefits by decrease of the
morbidity and mortality. However, this will require broader epidemiological research, with larger
cohort and evaluation of the criteria used. Importantly, standardization of the echocardiographic

criteria will allow comparison of prevalence in different areas and improve case detection.

Apart from its importance for indication of the true disease burden and detect those in danger of
developing or progressing into valvular disease and application of secondary prevention,
screening programs in different parts of the world where the disease is common, are essential for
understanding the pathogenesis of the disease, developing new specific diagnostic methods and
importantly helping the development of effective vaccines.

Long-term follow-up is necessary, nonetheless, to define the clinical significance of subclinical
rheumatic valve lesions and determine the outcome of subclinical echocardiographic evidence of
valvar disease and the effect of secondary prophylaxis. The serial use of echocardiography in
patients with RHD is helpful in finding the progression or regression of the disease and will help
determine the development, characteristics, progression and reversibility of valvular lesions. On
the other hand research should concentrate on the prognostic value of the different

structural and functional features found by echocardiography.

Although we have succeeded in providing new insighs in different aspects of RF and RHD in
Egypt, the presented results are irrefutable proof of the need for more laboratory,
epidemiological, and clinical research.

Routine laboratory assessment of the major inflammatory parameters and acute phase indicators
such as ESR and CRP correlates with the magnitude and severity of inflammation as well as
disease activity (Lane et al 2002, Wagner-Weiner 2002), however, the levels and distribution of
these infection parameters in different areas, as a response to RF, especially in a quiescent phase
of the disease is unknown. Additional research is needed to evaluate the value of inflammatory
parameters in the diagnosis of RF and their role as prognostics indicators of disease.

A major role is suggested for inflammatory cytokines in mediating RF and RHD (Guilherme

2009) as they appear to play a crucial role in triggering immunologic and inflammatory
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reactions in RF. Their presence in peripheral blood of acute RF and active RHD patients (Yegin
1997, Miller 1989, Morris 1993, Narin 1995, Samsonov 1995) as well as valvular tissue, leads to
the suggestion of their contribution to the mediation of heart lesions (Guilherme 2009).
Furthermore, cellular infiltration with a predominance of CD4" T-cells (Guilherme 1995) and
some CD8" T-cells is found in patients that present rheumatic activity (Guilherme 2001).
However, the immune response and signs of immune activation vary regarding the
characteristics of the cellular as well as the humoral response.

The low cytokine levels found in our studies are surprising as their role in the pathogenesis of RF
and RHD has been suggested to be determinant. Several cytokines have been reported to increase
in RF and RHD due to their activity as stimulators of T-cells and for being in combination with
other cytokines important mediators of inflammatory reactions (Miller 1989) (Morris 1993) and
playing a role in anti-inflammatory reactions (Yegin 1997). Furthermore, IL4 is of clinical
importance in inflammatory diseases and autoimmune diseases as it inhibits the production of
inflammatory cytokines such as IL1, IL6 and TNF-alpha (Guilherme 2005%). TNF-a mediates
part of the cell mediated immunity against obligate and facultative bacteria and parasites and is
required for normal immune responses (Narin 1995, Samsonov 1995, Yegin 1997, Miller 1989,
Morris 1993, Narin 1995, Yegin 1997) and is suggested to play an important role in the initiation
of multisystemic inflammatory response in RF and in the pathogenesis of RHD (Yegin 1997,
Settin 2006). The presented results confirm the presence of an ongoing immunological reaction
in apparently quiescent phase of the disease with sustenance of raised inflammatory parameters
in RF and RHD. Nevertheless, further studies are needed to validate the analysis of the
inflammatory parameters and pro- and anti-inflammatory cytokines for the evaluation of the
signs of immune activation in RF and RHD for the recognition of potential inflammatory
parameters to monitor RF activity and determine the role of inflammatory cells and cytokines in
mediating RF and RHD. Furthermore, the definition of the biological profile of RF and RHD
is of paramount importance, particularly the clarification of the role of the immunological
reaction and immune activation as well as inflammatory parameters and cytokines in mediating
RF and RHD.
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The altered architecture and histology shown in RHD valves (Sampaio 2007), which seems to
lead to distortion of valve function and mechanics should be investigated in greater depth. The
inflammation process related to RHD seems to lead to changes in the valvular histology and
architecture, affecting the location, features and characteristics of the different areas of the valve,

however, the precise mechanisms remain unclear.

Research focusing on all these issues should be performed using valvular tissue and blood
obtained from participants in prospective studies, since it could be of value for unveiling
the sequence of events that lead to cardiac lesions. On the other hand, better understanding
of the development and progression of the lesions and identification of specific markers of injury
IS mandatory.

Another area of future research will be the genetics aiming at clarification of the role of heredity
in determining familial predisposition and the immunogenetic susceptibility found in earlier
studies. This could be done through genetic epidemiological studies in endemic and non-
endemic areas, looking for candidate genes known to have a role in RF and RHD, as
well as searching for genetic polymorphisms to biological markers with relevance to the

mechanisms of the immune activation and immunological reaction related to the disease.

We aimed to analyze and evaluate the role of PARF in the formation of the autoantigenic
complex that seems to be the key mechanism for the development of RF and RHD. It is crucial
to evaluate the potential of PARF as a diagnostic marker for RF and RHD in Egypt for early
detection of rheumatogenic strains and recognition of patients at risk of developing RF and RHD
and in need for clinical management and prophylaxis. Unfortunately, the mechanisms known
today are still not sufficient to fully explain the pathogenesis of RF and re-evaluations of data
and epidemiological studies are needed to shed more light on regional characteristics of RF
pathogenesis and evaluate the potential of PARF as a diagnostic marker for RF and RHD. This
demonstrates the importance of continuous monitoring of the molecular epidemiology of GAS
strains and comparison of these strains on a large scale for the appropriate selection of treatment

agents and efforts for infection control.
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We have planned a new trial, with collection of new samples and revision of the protocols and
methods to satisfy these aims and to contribute to elucidation of the mechanisms and the
antigenic targets of the disease, as well as the development of new diagnostic markers for RF and
RHD.

Our study shows worrying resistance to different antibiotics, which might lead to an increase in
development and recurrences of RF and subsequently an increase in incidence and severity of
RHD. This shows the need to determine the geographic prevalence of resistant strains and
resistance rates and evaluate the regimens used in the treatment of streptococcal disease.
Furthermore, there is an urgent need for limiting antibiotic consumption to prevent decreased

sensitivity and cross resistance to antibiotics.

Geographic variation in prevalence and characteristics of RF and RHD has been recognized
within countries. We aknowledge that the results presented in this thesis reflect the situation in
one specific region with high prevalence of RF and RHD. However, replication of similar
programs of translational research in endemic countries will allow indepth analysis of the
epidemiological and clinical characteristics of RF and RHD, the mechanisms involved in its
pathogenesis and determining factors as well as the validation of the echocardiographic criteria
proposed by us for diagnosis of early disease. Standardized national registries should be
implemented for the encouragement of penicillin prophylaxis and follow up of the cardiac
involvement in order to prevent the development and deterioration of the cardiac affection and
the determination of the long term outcome.

We believe that this thesis addresses critical issues regarding the epidemiological and clinical
characteristics including improved diagnostic criteria as well as the cellular and structural
features of RF and RHD, contributing to better understanding of the disease in Egypt, and will
hopefully stimulate further research looking at elucidation of the pathogenesis and new
therapeutic targets for the disease.

280

Rheumatic Heart Disease in Egypt



References

References

Abdin ZH. (1968) An analytic study of rheumatic heart disease in Egyptian youth. Egypt
Rheumatologist 5: 79-85.

Abernethy M, Bass N, Sharpe N, et al. (1994) Doppler echocardiography and the early diagnosis
of carditis in acute rheumatic fever. Aust N Z Med, 24, 530-5.

Agarwal BL, Agarwal R. (1986) Rheumatic fever: clinical profile of the initial attack in India.
Bull world Health Organ 64:573-8

Agarwal AK et al. (1995) Rheumatic heart disease in India. J R Soc Health 115: 303—304, 309

Ahmed J, Zaman MM, Keramat Ali SM. (2003) Bangladesh Med. Res. Council Bull. 29, 113—
117.

Al-Awadhi A, et al. (1999) Serum concentrations of interleukin 6, osteocalcin, intact parathyroid
hormone, and markers of bone resorption in patients with rheumatoid arthritis. Journal of
Rheumatology 26(6): 1250-1256

Alwan AA. (1993) Cardiovascular diseases in the Eastern Mediterranean Region. World health
statistics quarterly 46:97-100.

Anabwani GM, Bonhoeffer P. (1996) Prevalence of heart disease in school children in rural
Kenya using colour-flow echocardiography. East Afr Med J 73:215-217.

Andersson PO, et al. (2000) A transforming growth factor-betal-mediated bystander immune
suppression could be associated with remission of chronic idiopathic thrombocytopenic purpura.
Annals of Hematology 79(9): 507-513

Atar S, Jeon DS, Luo H, Siegel RJ (2003) Mitral annular calcification: a marker of severe
coronary artery disease in patients under 65 years old. Heart. 89, 161-164.

Aung MTH etal. (1992) Prevalence of cardiovascular diseases in rural area of Hmawbi and
urban Yangon city. Asia Pacific J Public Health 6: 188-194

Ayoub Elia M. (1995) Acute rheumatic fever. In: George CE, Hugh D Allen, editors, Moss and
Adams Heart Diseases. In: Infants, Children and Adolescents. 5 th ed.;1400-15.

Baracco GJ, Bisno AL. (2006) in Gram-positive Pathogens (Fischetti, V. A., ed) 2nd Ed., pp.
223-229, ASM Press, Washington, D. C.

281

Rheumatic Heart Disease in Egypt



References

Baraga JJ, Feld MS, Rava RP. (1992) In situ optical histochemistry of human artery using near
infrared Fourier transform Raman spectroscopy. Proc. Natl. Acad. Sci. U.S.A. 89, 3473-3477.

Bas S, et al. (2004) CD14 is an acute-phase protein. Journal of Immunology 172: 4470-4479

Bashey RI, Torii S, Angrist A. (1967) Age-related collagen and elastin content of human
heart valves. J Gerontol 9(19):203-8.

Bashey RI, Torii S, Angrist A. (1967) Age-related collagen and elastin content of human heart
valves. J Gerontol 9(19):203-8.

Bassili A, Zaher SR, Zaki A, Abdel-Fattah M, Tognoni G. (2000) Profile of secondary
prophylaxis among children with rheumatic heart disease in Alexandria, Egypt. East Mediterr
Health J 6:437-46

Bazan JF, Timans JC, Kastelein RA. (1996) A newly defined interleukin-1. Nature 379:591.

Beall B, Facklam R, Thompson T. (1995) Sequencing emm-specific polymerase chain reaction
products for routine and accurate typing of group A streptococci. J. Clin. Microbiol, 34, 953-
958.

Behera M. (1994) Subcutaneous nodules in acute rheumatic fever- an analysis of age old
dictums. Indian Heart J 45:463-7

Bergman M, Huikko S, Pihlajamaki M, Laippala P, Palva E, Huovinen P, et al. (2004) Effect of
macrolide consumption on erythromycin resistance in Streptococcus pyogenes in Finland in
1997-2001. Clin Infect Dis 38:1251-6.

Betriu C, Sanchez A, Gomez M, Cruceyra A, Picazo JJ. (1993 ) Antibiotic susceptibility of
group A streptococci: a 6-year follow-up study. Antimicrob Agents Chemother, 37(8), 1717-9.

Betriu, C., E. Campos, C. Cabronero, A. Fernandez, J. J. Picazo, and A. R. Noriega. (1989)
Penicillin tolerance of group A streptococci. Eur. J. Clin. Microbiol. Infect. Dis. 9:799-800.

Bharani A. (2010) Prevalence of Rheumatic Fever/ Rheumatic Heart Disease in india: lessons
from active surveillance and a passive registry. J. Am. Coll. Cardiol. 55;a151.e1415

Bisno AL, Stevens DL. (1996) Streptococcal infections of skin and soft tissues. N Engl J Med
334:240-5.

282

Rheumatic Heart Disease in Egypt



References

Bisno AL, Gerber MA, Gwaltney JM Jr, et al. (1997) Diagnosis and management of group A
Streptococcal pharyngitis: a practice guideline. Infectious Diseases Society of America. Clin
Infect Dis, 25, 574-583.

Bisno A et al. (2001) Rheumatic fever and rheumatic heart disease: report of a WHO Expert
Consultation, Geneva, 29 October-1 November 2001. WHO Technical Report Series; 923.
[http://www.who.int/cardiovascular_diseases/resources/en/cvd_trs923.pdf]

Bisno AL, Gerber MA, Gwaltney JM Jr, et al. (2002) Practice guidelines for the diagnosis and
management of group A streptococcal pharyngitis. Infectious Diseases Society of America. Clin
Infect Dis, 15, 35(2), 113-25.

Bisno AL, Brito MO, Collins CM. (2003) Molecular basis of group A streptococcal virulence.
Lancet Infect Dis, 3, 191-200.

Bisno AL. (2004) Are cephalosporins superior to penicillin for treatment of acute streptococcal
pharyngitis? Clinical Infectious Diseases, 38, 1535-7.

Bisno AL, Rubin FA, Cleary PP, et al. (2005) Prospects for a Group A Streptococcal Vaccine:
Rationale, Feasibility, and Obstacles-Report of a National Institute of Allergy and Infectious
Diseases Workshop. Clinical Infectious Diseases, 41,1150-6.

Bland, E. F. & Duckett-Jones, T. D. (1951) Rheumatic fever and rheumatic heart disease: a
twenty year report on 1,000 patients followed since childhood. Circulation 4, 836843

Brennan JF 111, RoEmer TJ, Wang Y, Fitzmaurice M, Lees RS, Kramer JR, Feld MS. (1994)
Histochemical analysis of human coronary artery using near-infrared Raman spectroscopy. Proc
EOS/SPIE Biomed Soc. 2324: 181+193.

Brennan JF 111, RoEmer TJ, Tercyak AM, Wang Y, Fitzmaurice M, Lees RS, Kramer JR, Dasari
RR, Feld MS. (1995) In situ histochemical analysis of human coronary artery by Raman
spectroscopy ~ compared  with  biochemical assay. Proc SPIE Biomedical Society.
2388:105+1009.

Brennan JF 111. (1995%) Near Infrared Raman Spectroscopy for Human Artery Histochemistry
and Histopathology. Cambridge, Mass: Massachusetts Institute of Technology; 1995.

Brennan JFB 1ll, Wang Y, Dasari RR, Feld MS. (1997) Near-infrared Raman spectrometer
systems for human tissue studies. Applied Spec. 51:201+208.

283

Rheumatic Heart Disease in Egypt



References

Brennan JF Ill, RoEmer TJ, Lees RS, Tercyak AM, Kramer JR, Feld MS. (1997-2)
Determination of human coronary artery composition by Raman spectroscopy. Circulation.
96:99+105.

Brook, 1. (1984) The role of beta-lactamase-producing bacteria in the persistence of
streptococcal tonsillar infection. Rev. Infect. Dis. 6:601-607.

Brook MM. (1996) The cardiovascular system. In: Richard EB, Robert MK, editors. Essentials
of Paediatrics, 3 rd ed. 500-06.

Brown A etal. (2003) Central Australian rheumatic heart disease control program: a report to
the Commonwealth November 2002. Northern Territory Disease Control Bulletin 10: 1-8

Buschman HP, Marpel ET, Wach ML, et al. (2000). In vivo determination of the molecular
composition of artery wall by intra-vascular Raman spectroscopy. Anal. Chem. 72, 3771-3775.

Buschman HP, Motz JT, Deinum G, Romer TJ, Fitzmaurice M, Kramer J R, van der Laarse A,
Bruschke AV, Feld MS. (2001) Diagnosis of human coronary atherosclerosis by morphology-
based Raman spectroscopy. Cardiovascular Pathology 10, 59-68

Canter B, Olguntiurk R, Tunaoglu FS. (2004) Rheumatic fever in children under 5 years old.
Pediatrics 114: 329.

Carapetis JR, Wolff DR, Currie BJ. (1996) Acute rheumatic fever and rheumatic heart disease in
the top end of Australia's Northern Territory. Med. J. Aust., 164, 146-149.

Carapetis JR, Currie BJ. (1999) Mortality due to acute rheumatic fever and rheumatic heart
disease in the Northern Territory: a preventable cause of death in aboriginal people. Aust N Z J
Public Health, 23, 159-63.

Carapetis JR, Currie BJ, Mathews JD, et al. (2000) Cumulative incidence of rheumatic fever in
an endemic region: a guide to the susceptibility of thepopulation? Epidemiol Infect, 124, 239-
44,

Carapetis JR. (2004) The current evidence for the burden of group A streptococcal diseases.
WHO/FCH/CAH/05-07, World Health Organization, Geneva , 1-57 (http://www.who.int/child-
adolescent-health/publications/CHILD_HEALTH/DP/Topic_2/paper_1.htm)

Carapetis JR, Steer AC, Mulholland EK, et al. (2005") The global burden of group A
streptococcal diseases. Lancet Infect Dis, 5, 685-94.

284

Rheumatic Heart Disease in Egypt



References

Carapetis JR, McDonald M, Wilson NJ, et al. (2005%) Acute Rheumatic Fever. The Lancet, 366
(9480),155-168.

Carapetis JR. (2007) Rheumatic heart disease in developing countries. N Engl J Med 357:439—
441

Carapetis JR, Hardy M, Fakakovikaetau T,et al. (2008) Evaluation of a screening protocol using
auscultation and portable echocardiography to detect asymptomatic rheumatic heart disease in
Tongan schoolchildren. Nat Clin Pract Cardiovasc Med., 5(7), 411-7.

Carapetis JR et al. (2008%) Diagnosis and management of acute rheumatic fever and rheumatic
heart disease in Australia: An evidence-based review
[http://www.heartfoundation.org.au/document/NHF/arf_rhd_pp-590_diag-mgnt_evidence-
review_0606.pdf]

Carapetis JR. (2008%) Pediatric rheumatic heart disease in the developing world:
echocardiographic versus clinical screening. Nat. Clin. Pract. Cardiovasc. Med. 5, 74-75

Carreno-Manjarrez R, Visvanathan K, Zibriskie JB. (2000) Immunogenic and genetic factors in
rheumatic fever. Curr Infect Dis Rep, 2, 302-7.

Celik I, et al. (1995) Serum levels of interleukin 6 and tumor necrosis factor-alpha in
hyperthyroid patients before and after propylthiouracil treatment. European Journal of
Endocrinology 132(6): 668-672

Chan YH. (2003) Biostatistics 102: Quantitative data — parametric & non parametric tests.
Singapore Med J 44(8): 391-396.

Chan YH. (2003%) Biostatistics 103: Qualitative data — Tests of independence. Singapore Med
J 44(10): 498-503

Chin TK. (2010) Rheumatic Heart Disease. In: http://emedicine.medscape.com/article/891897-
overview

Chockalingam A, Prabhakar D, Dorairajan S et al. (2004) Rheumatic heart disease occurrence,
patterns and clinical correlates in children aged less than five years. J Heart Valve Dis 13:11-14.

Chopra P, Gulwani H. (2007) Pathology and pathogenesis of rheumatic heart disease. Indian J
Pathol Microbiol. 50(4):685-97.

285

Rheumatic Heart Disease in Egypt



References

Ciftci E, Dogru U, Guriz H, Aysev AD, Ince E. (2003) Antibiotic susceptibility of streptococcus
pyogenes strains isolated from throat cultures of children with tonsillopharyngitis. Journal of
Ankara Medical School, vol 25, nl

Clark RE, Finke EH. (1974) Scanning and light microscopy of human aortic leaflets in stressed
and relaxed states. J Thorac Cardiovasc Surg 67:792-804

Cole TO. (1976) Pattern of rheumatic valve disease in Nigeria In: Akinkugbe OO,
Cardiovascular disease in Africa. Basel: Ciba-Geigy, 246-50.

Commerford P, Mayosi B. (2006) An appropriate research agenda for heart research in Africa.
Lancet 367:1884-1886.

Cornaglia G, Ligozzi M, Mazzariol A, Masala L, Lo Cascio G, Orefici G, Fontana R. (1998)
Resistance of Streptococcus pyogenes to erythromycin and related antibiotics in Italy: The
Italian Surveillance Group for Antimicrobial Resistance. Clin Infect Dis 27: S87-S92.

Council of Europe (1994) Recommendation No R(94)11 on screening as a tool of preventive
medicine.[http://wwwZ1.umn.edu/ humanrts/instree/coerecr94-11.html]

Cunningham MW. (2000) Pathogenesis of group A streptococcal infections. Clin Microbiol
Rev, 13, 470-511.

Cunningham MW. (2003) Autoimmunity and molecular mimicry in the pathogenesis of post-
streptococcal heart disease, Front Biosci, 8, $533-s543.

Dajani AS, Ayoub E, Bierman FZ et al. (1992) Guidelines for the diagnosis of Rheumatic Fever:
Jones criteria, 1992 uptade. JAMA 268:2069-73.

Dajani A, Taubert K, Ferrier P, et al. (1995) Treatment of acute streptococcal pharyngitis and
prevention of rheumatic fever: a statement for health professionals. Committee on Rheumatic
Fever, Endocarditis, and Kawasaki disease of the Council on Cardiovascular Disease in the
Young, the American Heart Association. Pediatrics, 96, 758.

Dale JB, Beachey EH. (1985) Epitopes of streptococcal M proteins shared with cardiac myosin.
J Exp Med, 162, 583-591.

De Beer TRM, Vergote G, Baeyens W, Remon JP, Vervaet C, Verpoort F. (2004) Eur. J. Pharm.
Sci. 23: 355-362.

286

Rheumatic Heart Disease in Egypt



References

De Vita F, et al. (2000) Serum interleukin-10 levels as a prognostic factor in advanced non-
small cell lung cancer patients. Chest 117(2): 365-373

DeStefano F, Anda RF, Kahn HS, Williamson DF, Russell CM. (1993) Dental disease andrisk
of coronary heart disease andmortality. BMJ 306:688-91

Dibbs Z, Thornby J, White BG, Mann DL. (1999) Natural variability of circulating levels of
cytokines and cytokine receptors in patients with heart failure: implications for clinical trials. J
Am Coll Cardiol, 33: 1935-1942

Diez JJ, et al. (2002) Serum concentrations of tumour necrosis factor-alpha (TNF-alpha) and
soluble TNF-alpha receptor p55 in patients with hypothyroidism and hyperthyroidism before
and after normalization of thyroid function. Clinical Endocrinology (Oxford) 57(4): 515-521

Dinarello CA. (1984) Interleukin-1 and the pathogenesis of the acute-phase response. New Engl
J Med 311:1413-8

Dinarello CA. (1996) Biologic basis for interleukin-1 in disease. Blood 87:2095-147.

Dinkla K, Rohde M, Jansen WT, Kaplan EL, Chhatwal GS, Talay SR. (2003) Rheumatic fever-
associated Streptococcus pyogenes isolates aggregate collagen. J Clin Invest, 111, 1905-1912.

Dinkla K, Nitsche-Schmitz DP, Barroso V, Reissmann S, Johansson HM, Frick IM, Rohde M,
Chhatwal, G. S. (2007). Identification of a streptococcal octapeptide motif involved in acute
rheumatic fever. J Biol Chem, 282, 18686-18693.

Du Clos TW, Mold C. (2004) C-reactive protein: an activator of innate immunity and a
modulator of adaptive immunity. Immunol Res, 30, 261-77.

Elbagerma MA, Azimi G , Edwards HGM, Alajtal Al, Scowen 1J. (2010) In situ monitoring of
pH titration by Raman spectroscopy. Spectrochimica Acta Part A 75 1403-1410

El Kholy A, Fraser DW, Guirguis N, et al. (1980) A controlled study of penicillin therapy of
group A streptococcal acquisitions in Egyptian families. J Infect Dis, 141(6), 759-71.

El Sherif A. (1975) The epidemiologial features of rheumatic fever and rheumatic heart disease
in Egypt. Bull Egypt Soc Cardiol 14 : 65-70.

Elkind MS, et al. (2002) Tumor necrosis factor receptor levels are associated with carotid
atherosclerosis. Stroke 33(1): 31-37

287

Rheumatic Heart Disease in Egypt



References

Endo H, Akahoshi T, Takagishi K, Kashiwazaki S, Matsushima K (1991) Elevation of
interleukin-8 (IL-8) levels in joint uids of patients with rheumatoid arthritis and the induction
by IL-8 of leukocyte infiltration and synovitis in rabbit joints. Lymphokine Cytokine Res
10:245+252

Erdem MT, et al. (2003) Increased serum levels of tumor necrosis factor alpha in lichen planus.
Dermatology 207(4): 367-370

Eriksen HA, Satta J, Risteli J, Veijola M, Vare P, Soini Y. (2006)Type | and Ill collagen
synthesis and composition in the valve matrix in aortic valve stenosis. Atherosclerosis 189;91-
98

Essop MR, Wisenbaugh T, Sareli P. (1993) Evidence against a myocardial factor as the cause of
left ventricular dilation in active rheumatic carditis, J Am Coll Cardiol, 22, 826-829.

Facklam RF, Martin DR, Lovgren M, et al. (2002) Extension of the Lancefield classification for
group A streptococci by addition of 22 new M protein gene sequence types from clinical
isolatest emm103 to emm124. Clin Infect Dis, 34, 28-38.

Falck G, Kjellander J. (1992) Outbreak of group A streptococcal infection in a day-care center.
Pediatr Infect Dis J. 11:914-919.

Falcone M, Sarvetnick N (1999) Cytokines that regulate autoimmune responses. Curr Opin
Immunol 11:670-676

Feinstein AR, Spagnuolo M. (1962) The clinical patterns of acute rheumatic fever: a reappraisal.
Medicine 41:279-305

Ferrieri P. (2002) Proceedings of the Jones Criteria Workshop. Patricia Ferrieri and for the Jones
Criteria Working Group. Circulation 106;2521-2523

Figueroa F, Berrios X, Gutierrez M, et al. (1992) Anticardiolipin antibodies in acute rheumatic
fever. J Rheumatol 19: 1175+80.

Figueroa FE, Soledad Fernandez M, Valdés P, et al. (2001) Prospective comparison of clinical
and echocardiographic diagnosis of rheumatic carditis: long term follow up of patients with
subclinical disease. Heart, 85, 407-410.

288

Rheumatic Heart Disease in Egypt



References

Figueroa F, Gonzalez M, Carrion F, Lobos C, Turner F, Lasagna N, Valdes F (2002) Restriction
in the usage of variable 3 regions in T-cells infiltrating valvular tissue from rheumatic heart
disease patients. J Autoimmun 19:233-240.

Fini ME, Strissel KJ, Girard MT, Mays JW, Rinehart WB. (1994) Interleukin 1 alpha mediates
collagenase synthesis stimulated by phorbol 12-myristate 13-acetate. J Biol Chem 269:11291-8.

Folger GM, Hajar R, Robida A, et al. (1992) Occurrence of valvar heart disease in acute
rheumatic fever without evident carditis: colour flow Doppler identification. Br Heart J, 67,
434-8.

Frank CJ, McCreery RL, Redd DCB. (1995) Raman spectroscopy of normal and diseased
human breast tissues. Anal. Chem. 67, 777—783.

Fraser WJ, Haffejee Z, Jankelow D, Wadee A, Cooper K. (1997) Rheumatic Aschoff nodules
revisited. Il. Cytokine expression corroborates recently proposed sequential stages.
Histopathology 31:460-464.

Fujita K, Murono K, Yoshikawa M, Murai T. (1994) Decline of erythromycin resistance of
group A streptococci in Japan. Pediatr Infect Dis J 13:1075-8.

Galis ZS, Muszynski M, Sukhova GK, et al. (1994) Cytokine-stimulated human vascular
smooth muscle cells synthesize a complement of enzymes required for extracellular matrix
digestion. Circ Res 75:181-9.

Galis ZS, Muszynski M, Sukhova GK, Simon-Morrissey E, Libby P. Enhanced expression of
vascular matrix metalloproteinases induced in vitro by cytokines and in regions of human
atherosclerotic lesions. Ann New York Acad Sci 1995;748:501-7.

Gallegos RP, Nockel PJ, Rivard AL, Bianco RW. (2005) The current state of in-vivo pre-
clinical animal models for heart valve evaluation. J Heart Valve Dis 14(3):423-32.

Ganguly NK, Anand IS, Khanna AK, et al. (2004) T cells and T cell subsets in rheumatic heart
disease. Indian J Med Res Juneja R, Tandon R. Rheumatic carditis: a reappraisal. Indian Heart J,
56, 252-255.

Gentles TL, Colan SD, Wilson NJ, et al. (2001) Left ventricular mechanics during and after
acute rheumatic fever: contractile dysfunction is closely related to valve regurgitation, J Am
Coll Cardiol, 37, 201-207.

289

Rheumatic Heart Disease in Egypt



References

Gerber MA et al. (2009) 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, 119, 1541-1551.

Gibofsky A, Zabriskie JB. (1993) Rheumatic fever: new insights into an old disease. Bull
Rheum Dis, 42, 5.

Grahn E, Holm SE, Roos K. (1987) Penicillin tolerance in beta streptococci isolated from
patients with tonsillitis. Scand J Infect Dis 19: 421-426.

Grande-Allen KJ, Calabro A, Gupta V, Wight TN, Hascall VC, Vesely 1. (2004)
Glycosaminoglycans and proteoglycans in normal mitral valve leaflets and chordae: association
with regions of tensile and compressive loading. Glycobiology 14(7):621-33

Green MD, Beall B, Marcon MJ, Allen CH, Bradley JS, Dashefsky B, et al. (2006) Multicentre
surveillance of the prevalence and molecular epidemiology of macrolide resistance among
pharyngeal isolates of group A streptococci in the USA. J Antimicrob Chemother 57:1240-3.

Grey A, et al. (1996) Circulating levels of interleukin-6 and tumor necrosis factor-alpha are
elevated in primary hyperparathyroidism and correlate with markers of bone resorption - a
clinical research center study. Journal of Clinical Endocrinology and Metabolism 81(10): 3450-
3454

Gross L, Kugel MA. (1931) Topographic anatomy and histology of the valves in the human
heart. Am J Pathol 7:445- 74

Guggenbichler JP. (1994) Cefatamet pivoxil in the treatment of pharyngitis/ tonsillitis in
children and adults. Drugs 47 (Suppl 3):27-34

Guidelines for the diagnosis of rheumatic fever. (1992) Jones Criteria, 1992 update. Special
writing group of the Committee on Rheumatic Fever, Endocarditis, and Kawasaki disease of the
council on cardiovascular disease in the young of the American Heart Association. JAMA, 268,
2069-2073.

290

Rheumatic Heart Disease in Egypt



References

Guilherme L, Cunha-Neto E, Coelho V, Snitcowsky R, Pomerantzeff PMA, Assis RV, Pedra F,
Neumann J Goldberg A, Patarroyo ME, Pillegi F, Kalil J. (1995) Human-infiltrating T cell
clones from rheumatic heart disease patients recognize both streptococcal and cardiac proteins.
Circulation 92:415-420

Guilherme L, Dulphy N, Douay C, Coelho V, Cunha-Neto E, Oshiro SE, Assis RV, Tanaka AC,
Pomerantzeff PMA, Charron D, Toubert A, Kalil J. (2000) Molecular evidence for antigen-
driven immune responses in cardiac lesions of rheumatic heart disease patients. Int
Immunol 2000, 12:1064-1073

Guilherme L, Cunha-Neto E, Tanaka AC, Dulphy N, Toubert A, Kalil J. (2001) Heart-directed
autoimmunity: The case of rheumatic fever. J Autoimmun 16:363-367.

Guilherme L, Oshiro SE, Fae KC, Cunha-Neto E, et al. (2001) T cell reactivity against
streptococcal antigens in the periphery mirrors reactivity of heart-infiltrating T lymphocytes in
rheumatic heart disease patients. Infect Immun., 69, 5345-51.

Guilherme L, Kalil J. (2004) Rheumatic fever: from sore throat to autoimmune heart lesions, Int
Arch Allergy Immunol, 134, 56-64.

Guilherme L, Cury P, Demarchi LMF, Coelho V, et al. (2004) Rheumatic Heart Disease
Proinflammatory Cytokines Play a Role in the Progression and Maintenance of Valvular
Lesions. Am J Pathol, 165, 1583-1591.

Guilherme L, Faé K, Oshiro SE, Kalil J. (2005) Molecular pathogenesis of rheumatic fever and
rheumatic heart disease. Exp Rev Mol Immunol (7):1-15

Guilherme L, Fae KC, Oshiro SE, Tanaka AC, et al. (2005°) Rheumatic Fever, How S.
pyogenes—Primed Peripheral T Cells Trigger Heart VValve Lesions. Ann. N.Y. Acad. Sci. 1051:
132-140.

Guilherme L, Kalil J, Cunningham M. (2006) Molecular mimicry in the autoimmune
pathogenesis of rheumatic heart disease. Autoimmunity. Feb;39(1):31-9. Review.

Guilherme L, Kalil J. (2007) Rheumatic Fever From Innate to Acquired Immune Response Ann.
N.Y. Acad. Sci., 1107, 426-433.

Guilherme L, Ramasawmy R, Kalil J. (2007%) Rheumatic fever and rheumatic heart disease:
genetics and pathogenesis. Scandinavian Journal of Immunology, 66, 199-207.

291

Rheumatic Heart Disease in Egypt



References

Guilherme, Kalil J. (2009) Rheumatic Fever and Rheumatic Heart Disease: Cellular
Mechanisms Leading Autoimmune Reactivity and Disease. J Clin Immunol) , J Clin Immunol.
Oct 3. [Epub ahead of print]

Gulick T, Chung MK, Pieper SJ, Lange LG, Shreiner GF (1989) Interleukin-1 and tumor
necrosis factor inhibit cardiac myocyte b-adrenergic responsiveness. Proc Natl Acad Sci USA
86:6753+6757

Hackett SP, Stevens DL (1992) Streptococcal toxic shock syndrome: synthesis of tumor necrosis
factor and interleukin-1 by monocytes stimulated with pyrogenic exotoxin A and streptolysin O.
J Infect Dis 165:879+885

Hafez M, el-Morsy Z, el-Shennawy F, et al. (2001) Cytokine gene expression in rheumatic
fever. Egypt J Immunol 8:61-76

Haffejee IE, Hammond MG, Moosa A. (1982) HLA antigens in black South African children
with rheumatic heart disease. Ann Trop Paediatr 2:17-22.

Hahn RG, Knox LM, Forman TA. (2005) Evaluation of poststreptococcal illness. Am Fam
Physician, 71, 1949-54.

Haidan A, Talay SR, Rohde M, Sriprakash KS, Currie BJ, Chhatwal GS. (2000) Pharyngeal
carriage of group C and group G streptococci and acute rheumatic fever in an Aboriginal
population. Lancet, 356, 1167-1169.

Halasz A, et al. (2003) Relationship between the tumor necrosis factor system and the serum
interleukin-4, interleukin-5, interleukin-8, eosinophil cationic protein, and immunoglobulin E
levels in the bronchial hyperreactivity of adults and their children. Allergy Asthma Proceedings
24(2): 111-118

Hanlon EB, Manohara R, Koo TW, et al. (2000). Prospects for in vivo Raman spectroscopy.
Phys. Med. Biol. 45, 51-59.

Hasenpud JD, Campbell SM, Mendelson DJ. (1989) Interleukin-1-induced myocardial
depression in an isolated beating heart preparation. J Heart Transplant 8:460+464

Hernandez-Pacheco G, Flores-Dominguez C, et al. (2003) Tumor necrosis factor-alpha promoter
polymorphisms in Mexican patients with rheumatic heart disease. J Autoimmun.,21, 59-63.

292

Rheumatic Heart Disease in Egypt



References

Hernandez-Pacheco G, Aguilar-Garcia J, Flores-Dominguez C et al. (2003) MHC class I alleles
in Mexican patients with rheumatic heart disease. Int J Cardiol; 92:49-54.

Herrera-Garza E, Stetson SJ, Cubillos-Garzon A, Vooletich MT, Farmer JA, Torre-Amione
G. (1999) Tumor necrosis factor-a. A mediator of disease progression in the failing human heart.
Chest, 115: 1170-1174

Holm S, Henning C, Grahn E, Lomberg H, Staley H. (1995) Is penicillin the appropriate
treatment for recurrent tonsillopharyngitis? Results from a comparative randomized blind
study of cefuroxime axetil and phenoxymethylpenicillin in children. The Swedish Study Group.
Scand J Infect Dis 27: 221-228.

Horn DL, Zabriskie JB, Austrian R, Cleary PP, Ferretti JJ, Fischetti VA, Gotschlich E,
Kaplan EL, McCarty M, Opal SM, Roberts RB, Tomasz A, Wachtfogel Y. (1998) Why
have group A streptococci remained susceptible to penicillin? Report on a symposium. Clin
Infect Dis 26: 1341-1345.

Hsueh PR, Chen HM, Huang AH, Wu JJ. (1995) Decreased activity of erythromycin against
Streptococcus pyogenes in  Taiwan. Antimicrob Agents Chemother 39: 2239-2242.

Human P, Zilla P. (2001%) Inflammatory and immune processes: The neglected villain of
bioprosthetic degeneration? J. Long Term Eff. Med. Implants 11: 199-220

Human P, Zilla P. (2001%) The possible role of immune responses in bioprosthetis heart valve
failure. J. Heart Valve Disease 10: 460-466

llia R, Gussarsky D, Levitas A, Gueron M. (1992) Rheumatic fever among children in the
Negev. Harefuah 122: 289-90

Imayama S, Braverman 1. (1989) A hypothetical explanation for the aging of skin Chronologic
alteration of the three-dimensional arrangement of collagen and elastic fibers in connective
tissue. Am J Pathol 134(5):1019-25.

Jaffe WM et al. (1988) Clinical evaluation versus Doppler echocardiography in the quantitative
assessment of valvular heart disease. Circulation, 78, 267-275.

Janko M, Davydovskaya P, Bauer M, Zink A, Stark RW. (2010) Anisotropic Raman scattering
in collagen bundles. Optics letters 35:(16) 2765-2767

293

Rheumatic Heart Disease in Egypt



References

Jastrzebska M, Zalewska-Rejdak J, Mréz |, Barwinski B, Wrzalik R, Kocot A, Nozynski J.
(2006) Atomic Force Microscopy and FT-IR Spectroscopy Investigations of Human Heart
Valves. Gen. Physiol. Biophys. 25, 231—244

Jones Criteria (1992) Guidelines for the diagnosis of rheumatic fever. Jones Criteria; 1992
update

Joshi RR, Underwood T, Frautschi JR, Phillips RE Jr, Schoen FJ, Levy RJ. (1996) Calcification
of polyurethanes implanted subdermally in rats is enhanced by calciphylaxis. J. Biomed. Mater.
Res. 31:201-207

Kalt A, et al. (2006) Decreased levels of interleukin-12p40 in the serum of patients with
Whipple's disease. Int J Colorectal Dis. 21(2):114-20

Kamblock J, Payot L, lung B, et al. (2003) Does rheumatic myocarditis really exists? Systematic
study with echocardiography and cardiac troponin | blood levels, Eur Heart J, 24, 855-862.

Kapadia S, Dibbs Z, Kurrelmeyer K, Kalra D, Seta Y, Wang F, Bozkurt B, Oral H,
Sivasubramanian N, Mann DL. (1998) The role of cytokines in the failing human heart. Cardiol
Clin, 16:645-656

Kaplan EL. (2001) Rheumatic fever. In: Braunwald, Fauci, editors. Harrison’s Principles of
Internal Medicine. 15 th ed. 1340-55.

Kaplan EL. (2005) Pathogenesis of acute rheumatic fever and rheumatic heart disease: evasive
after half a century of clinical, epidemiological and laboratory investigation. Heart 91: 3-4.

Kassem AS, Badr Eldin M, Abdel Moneim MA. (1982) The pattern of rheumatic fever in
Alexandria with 10 years follow up of the valvular lesions. Gazette Egypt Ped Assoe 30:
69-76.

Kassem AS, Madkour AA, Massoud BZ, Zaher SR. (1992) Benzathine penicillin G for
rheumatic fever prophylaxis: 2-weekly versus 4-weekly regimens. Indian J Pediatr. 59(6):741-8.

Kassem AS, Zaher SR, Abou Shleib H, et al. (1996) Rheumatic fever prophylaxis using
benzathine Penicillin G (BPG): Two-week versus four-week regimens: Comparison of two
brands of BPG. Pediatrics., 97, 992-995.

Kehoe MA. (1991) New aspects of Streptococcus pyogenes pathogenicity. Rev. Med.
Microbiol, 2, 147-152.

294

Rheumatic Heart Disease in Egypt



References

Kemeny E, Grieve T, Marcus R, Sareli P, Zabriskie JB. (1989) Identification of
mononuclear cells and T cell subsets in rheumatic valvulitis. Clin Immunol Immunopathol
52:225- 237.

Kemeny E, Husby G, Williams Jr RC , et al. (1994) Tissue distribution of antigen(s) defined by
monoclonal antibody D8/17 reacting with B lymphocytes of patients with rheumatic heart
disease, Clin Immunol Immunopathol, 72, 35-43.

Kevasan S, Kurrelmeyer K, Seta Y, Wang F, Dibbs Z, Deswal A, Lee-Jackson D, Mann DL.
(1997) The role of cytokines in disease progression in heart failure. Curr Opin Cardiol, 12:218—
223

Khriesat I, Najada A, Al-Hakim F, Abu-Haweleh A. (2003) Acute rheumatic fever in Jordanian
children. East Mediterr Health J. 9(5-6):981-7.

Kim, KS, and E. L. Kaplan. (1985) Association of penicillin tolerance with failure to eradicate
group A streptococci from patients with pharyngitis. J. Pediatr. 107:681-684.

Kim KS, Kaplan EL. (1985-2) Association of penicillin tolerance with failure to eradicate
group A streptococci from patients with pharyngitis. J Pediatr 107: 681-684.

Kim S and Yong Lee N. (2004) Antibiotic resistance and genotypic characteristics of group A
streptococci associated with acute pharyngitis in Korea. Microb Drug Resist 10:300-5.

Kinsella MG, Bressler SL, Wight TN. (2004) The regulated synthesis of versican, decorin, and
biglycan: extracellular matrix proteoglycans that influence cellular phenotype. Crit Rev
Eukaryot Gene Expr 14(3):203-34.

Koh E, Kim S. (2010) Decline in Erythromycin Resistance in Group A Streptococci from Acute
Pharyngitis due to Changes in the emm Genotypes Rather Than Restriction of Antibiotic Use.
Korean J Lab Med 30:485-90

Kostucki W, Vandenbossche JL, Friart A, Englert M. (1986) Pulsed Doppler regurgitant flow
patterns of normal valves. Am J Cardiol 58:309-13

Kotb M, Ohnishi H, Majumdar G, Hackett S, Bryant A, Higgins G, Stevens D (1993)
Temporal relationship of cytokine release by peripheral blood mononuclear cells stimulated by
the streptococcal superantigen pep M5. Infect Immun 61:1194+ 1201

295

Rheumatic Heart Disease in Egypt



References

Kotb M, Norrby-Teglund A, McGeer A, et al. (2002) An immunogenetic and molecular basis
for differences in outcomes of invasive group A streptococcal infections. Nat Med, 8, 1398—404.

Kowalczyk J. (2006) Professor Edmund Biernacki (1866-1911) and the discovery of the
erythrocyte sedimentation rate. S Afr Med J, 96, 40-1.

Kumar R, Thakur JS, Aggarwal A, Ganguly NK. (1997) Compliance of secondary prophylaxis
for controlling rheumatic fever and rheumatic heart disease in a rural area of northern
India. Indian Heart J. 49, 282-288.

Kunzelman KS, Cochran RP, Murphree SS, et al. (1993) Differential collagen distribution in the
mitral valve and its influence on biomechanical behaviour, J Heart Valve Dis 2, pp. 236-244.

Lane JR, Neumann DA, Lafond-Walker A, Herskowitz A, Rose N. (1992) Interleukin 1
tumor necrosis factor can promote coxsackie B-3-induced myocarditis in resistant B10.A mice. J
Exp Med, 175: 1123-1129

Lane SK, Gravel JW. (2002) Clinical utility of common serum rheumatologic tests. Am Fam
Physician 65:1073-80.;

Lawson EE, Barry BW, Williams AC, Edwards HG. (1997) Biomedical applications of Raman
spectroscopy. J. Raman Spectrosc. 28, 111-117.

Lehmann PV, Forsthuber T, Miller A, Sercarz EE. (1992) Spreading of T cell autoimmunity to
cryptic determinants of an autoantigen. Nature., 359, 155-7.

Lei B, Liu M, Chesney GL, Musser JM. (2004) Identification of new candidate vaccine antigens
made by Streptococcus pyogenes: purificationand characterization of 16 putative extracellular
lipoproteins. J Infect Dis, 189, 79-89.

Lembo NJ, Dell'ltalia LJ, Crawford MH, Miller JF, Richards KL, O'Rourke RA. (1988) Mitral
valve prolapse in patients with prior rheumatic fever. Circulation 77:830-36

Lennon D. (2000) Rheumatic fever, a preventable disease? The New Zealand experience. In:
Martin DR and Tagg JR, Editors, Streptococci and streptococcal diseases: entering the new
millennium, Institute of Environmental Science and Research, Porirua, 503-512.

Libiau RS, Singer SM, McDevitt HO. (1995) TH1 and TH2 CDA4-T cells in the pathogenesis of
organ-specific autoimmune diseases. Immunol Today 1995, 16:34-38

296

Rheumatic Heart Disease in Egypt



References

Lieu TA, Fleisher GR, Scwartz JS. (1990) Cost-Effectiveness of rapid latex agglutination testing
and throat culture for streptococcal pharyngitis. Pediatrics. 85:246-256.

Linares J, Pallares R, Alonso T, Perez JL, Ayats J, Gudiol F, Viladrich PF, Martin R.
(1992) Trends in antimicrobial resistance of clinical isolates of Streptococcus pneumoniae
in Bellvitge Hospital, Barcelona, Spain (1979-1990). Clin Infect Dis 15: 99-105.

Liu X, Shen X, Chang H, Huang G, Fu Z, Zheng Y, et al. (2009) High macrolide resistance in
Streptococcus pyogenes strains isolated from children with pharyngitis in China. Pediatr
Pulmonol 44:436- 41.

Loeffler AM, Neches WH, Ortenzo M, Serdy C, Wald ER. (1995) Identification of cases of
rheumatic fever managed on an outpatient basis. Pediatr Infect Dis J. 14:975-8

Longo-Mbenza B, Bayekula M, Ngiyulub R, Kintokia VE, Bikangi NF, Seghers KV, Lukoki
LE, Mandundu MF, Manzanza M, Nlandu Y. (1998) Survey of rheumatic heart disease in
school children of Kinshasa town. International Journal of Cardiology 63, 287—294

Love JW. (1993) Autologous tissue heart valves. R.G. Landes, Texas

Lowbury, E. J. L., and L. Hurst. (1959) The sensitivity of staphylococci and other wound
bacteria to erythromycin, oleandomycin and spiramycin. J. Clin. Pathol. 12:163-169.

Lucas A, Yue W, Jiang XY, et al. (1996). Development of an avian model for restenosis.
Atherosclerosis. 119, 17-41.

Lue HC et al. (1986) Rheumatic fever recurrences: controlled study of 3-week versus 4-week
benzathine penicillin prevention programs. J. Pediatr. 108, 299-304.

Lue HC, Wu MH, Wang JK, Wu FF, Wu YN. (1994) Long-term outcome of patients with
rheumatic fever receiving benzathine penicillin G. prophylaxis every three weeks versus every
four weeks. J. Pediatr., 125, 812-816.

Macris MH, Hartman N, Murray B, et al. (1998) Studies of the continuing susceptibility of
group A streptococcal strains to penicillin during eight decades. Pediatr Infect Dis, 17, 377-381.

Mahmudi E, Ashrafzadeh F, Talebi S, Ghaneh F, Jafari V. (2006) Acute Rheumatic Fever in the
North East of Iran: A Study of 80 Cases. The Journal of Tehran Heart Center 3:151-154

297

Rheumatic Heart Disease in Egypt



References

Majeed HA, Yousof AM, Khuffash FA, Yusuf AR, Farwana S, Khan N. (1986) The natural
history of acute rheumatic fever in Kuwait: a prospective six year follow-up report. J Chronic
Dis. 39:361-369.

Majeed HA, Batnager S, Yousof AM, Khuffash F, Yusuf AR. (1992) Acute rheumatic fever and
the evolution of rheumatic heart disease: a prospective 12 year follow-up report. J. Clin.
Epidemiol. 45, 871-875.

Malmanche SA, Martin DR. (1994) Protective immunity to the group A streptococcus may only
be strain specific. Med. Microbiol. Immunol, 183, 299-306.

Mann DL (2001) Tumor necrosis factor and viral myocarditis: the fine line between innate and
inappropriate immune responses in the heart. Circulation 103:626-629

Manoharan R, Wang Y, Feld MS. (1996) Histochemical analysis of biological tissues using
Raman spectroscopy. Spectrochim. Acta. 52, 215-249.

Manyemba J, Mayosi BM. (2002) Penicillin for secondary prevention of rheumatic fever.
Cochrane Database of Systematic Reviews, Issue 3, Art. No.. CD002227.
doi:10.1002/14651858.CD002227.

Manyemba J, Mayosi BM. (2003) Intramuscular penicillin is more effective than oral penicillin
in secondary prevention of rheumatic fever: a systemic review. S Afr Med J, 93, 212-218.

Marijon E, Ou P, Celermajer DS, et al. (2007) Prevalence of Rheumatic Heart Disease Detected
by Echocardiographic Screening. N Engl J Med, 357, 470-6.

Marijon E, et al. (2008) Echocardiographic screening for rheumatic heart disease. Bull. World
Health Organ. 86, 84

Marijon E, Celermajer DS, Tafflet M, El-Haou S, Jani DN, Ferreira B, Mocumbi AO, Paquet C,
Sidi D, Jouven X. (2009) Rheumatic heart disease screening by echocardiography: the
inadequacy of World Health Organization criteria for optimizing the diagnosis of subclinical
disease. Circulation 120;663-668

Markowitz M. (1963) Cultures of the respiratory tract in pediatric practice. Am J Dis Child.
105:12-8

Markowitz M. (1981) Observations on the epidemiology and preventability of rheumatic fever
in developing countries. Gin Ther 4: 240-51.

298

Rheumatic Heart Disease in Egypt



References

Markowitz M, Gerber MA, Kaplan EL, et al. (1993) Treatment of streptococcal
pharyngotonsillitis: reports of penicillin’s demise are premature. J Pediatr, 123, 679-685.

Maruyama S, Yoshioka H, Fujita K, Takimoto M, Satake Y. (1979) Sensitivity of group A
streptococci to antibiotics: prevalence of resistance to erythromycin in Japan. Am J Dis Child
133: 1143-1145.

Massell BF, Fyler DC, Roy SB. (1958) The clinical picture of rheumatic fever. Diagnosis,
immediate prognosis, course and therapeutic implications. Am J Cardiol 1:436-39.

Massell BF, Chute CG, Walker AM, Kurland GS. (1988) Penicillin and the marked decrease in
morbidity and mortality from rheumatic fever in the United Stated, N Engl J Med 318:280-6

Matsumori A, Yamada T, Suzuki H, Matoba Y, Sasayama S. (1994) Increased circulating
cytokines in patients with myocarditis and cardiomyopathy. Br Heart J 72:561-566

Mazzone A, et al. (1999) Plasma levels of interleukin 2, 6, 10 and phenotypic characterization of
circulating T lymphocytes in ischemic heart disease. Atherosclerosis 145(2): 369-374

McDonald M, Brown A, Noonan S, et al. (2005) Preventing recurrent rheumatic fever: the role
of register based programmes. Heart, 91, 1131-1133.

McDonald M1, Towers RJ, Andrews RM, Benger N, Currie BJ, Carapetis JR (2006) Clin. Infect.
Dis. 43, 683-689.

McDonald PC, Wilson JE, McNeill S, Gao M, Spinelli JJ, Rosenberg F, Wiebe H, McManus
BM. (2002) The challenge of defining normality for human mitral and aortic valves Geometrical
and compositional analysis. Cardiovascular Pathology 11;193-209

McMillan DJ, Davies MR, Browning CL, et al. (2004) Prospecting foe new group A
streptococcal vaccine candidates. Indian J Med Res,119,121-125.

McMillan JB, Lev M. (1964)The aging heart: Il. The valves. J Gerontol 19:1- 14.

Meira ZM, Mota C de C, Tonelli E, et al. (1993) Evaluation of secondary prophylactic schemes,
based on benzathine penicillin G, for rheumatic fever in children. J Pediatr, 123, 156-8.

Meira ZM, Goulart EM, Colosimo EA, Mota CC. (2005) Long term follow up of rheumatic
fever and predictors of severe rheumatic valvar disease in Brazilian children and adolescents.
Heart, 91, 1019-22.

299

Rheumatic Heart Disease in Egypt



References

Messika-Zeitoun D, Aubry MC, Detaint D, et al. (2004) Evaluation and clinical implications of
aortic valve calcification measured by electron-beam computed tomography. Circulation. 110,
356-362.

Michaud C, Trejo-Gutierrez J, Cruz C, Pearson T. (1993) Rheumatic heart disease. In: Jamison
DT, ed. Disease control priorities in developing countries: a summary. Washington, D.C: World
Bank, 221-32

Michos AG, Bakoula CG, Braoudaki M, Koutouzi FI, Roma ES, Pangalis A, et al. (2009)
Macrolide resistance in Streptococcus pyogenes: prevalence, resistance determinants, and emm
types. Diagn Microbiol Infect Dis 64:295-9.

Miller LC, Gray ED, Mansour M, Abdin ZH, Kamel R, Zaher S, Regelmann WE. (1989)
Cytokines and immunoglobulin in rheumatic heart disease: Production by blood and tonsillar
mononuclear cells. J Rheumatol 16:1436-1442.

Minich LL, Tani LY, Pagotto LT, Shaddy RE, Veasy LG. (1997) Doppler echocardiography
distinguishes between physiologic and pathologic “silent” mitral regurgitation in patients with
rheumatic fever. Clin Cardiol, 20, 924-6.

Mishima Y, et al. (2001) Relationship between serum tumor necrosis factor-alpha and insulin
resistance in obese men with Type 2 diabetes mellitus. Diabetes Research and Clinical Practice
52(2): 119-123

Miyake CY, Gauvreau K, Tani LY, Sundel RP, Newburger JW. (2007) Characteristics of
children discharged from hospitals in the United States in 2000 with the diagnosis of acute
rheumatic fever. Pediatrics 120: 503-8.

Mizia-Stec K, et al. (2003) Serum tumour necrosis factor-alpha, interleukin-2 and interleukin-10
activation in stable angina and acute coronary syndromes. Coronary Artery Disease 14(6): 431-
438

Morris K, Mohan C, Wahi PL, Anand IS, Ganguly NK. (1993) Enhancement of IL-1, IL-2
production and IL-2 receptor generation in patients with acute rheumatic fever and active
rheumatic heart disease: A prospective study. Clin Exp Immunol 91:429-436.

Nair PM, Philip E, Bahuleyan CG, Thomas M, Shanmugham JS, Suguna Bai NS. (1990) The
first attack of acute rheumatic fever in childhood--clinical and laboratory profile. Indian Pediatr.
27(3):241-6.

300

Rheumatic Heart Disease in Egypt



References

Narin N, Kutiikguler N, Ozyiirek R, Bakiler AR, Parlar A, Arcasoy M. (1995) Lymphocyte
subsets and plasma IL-1 -, IL-2, and TNF-- concentrations in acute rheumatic fever and
chronic rheumatic heart disease. Clin Immunol Immunopathol 77:172-176.

Narula J, Virmani R, Reddy KS, Tandon R. (1999) Rheumatic fever. In: Narula J, ed.
Rheumatic fever. Armed Forces institute of pathology,1999

NHF Australia (2006). National Heart Foundation of Australia (RF/RHD guideline development
working group) and the Cardiac Society of Australia and New Zealand. Diagnosis and
management of acute rheumatic fever and rheumatic heart disease in Australia—an evidence-
based review. The Royal Australian College of General Practitioners [online],
http://www.racgp.org.au/guidelines/ rheumaticfever.

Neeman R, Keller N, Barzalai A, et al. (1998) Prevalence of internalization-associated gene
prtF1, among persisting group-A streptococcus strains isolated from asymptomatic carriers.
Lancet, 352, 1974-7.

Nitsche DP, Johansson HM, Frick IM, Mo rgelin M. (2006) J. Biol. Chem. 281, 1670-1679

Nordet P. (1992) WHO programme for prevention of rheumatic fever/rheumatic heart disease in
16 developing countries: report for phase | (1986-90). Bull. WHO, 70, 213-218.

Oli K, Asmera J. (2004) Rheumatic heart disease in Ethiopia: could it be more malignant?
Ethiop Med J. 42:1-8

Olivier C. (2000) Rheumatic fever-is it still a problem? J Antimicrob Chemother, 45, 13-21.

Olmez U, Turgay M, Ozenirler S et al. (1993) Association of HLA class | and class Il antigens
with rheumatic fever in a Turkish population. Scand J Rheumatol; 22:49-52

Olsson M, Dalsgaard CJ, Haegerstrand A, Rosengvist M, Ryden L, Nilsson J. (1994)
Accumulation of T lymphocytes and expression of interleukin-2 receptors in nonrheumatic
stenotic aortic valves. J Am Coll Cardiol 23:1162-70.

Otero EU, Sathaiah S, Silveira LJr, Pomerantzeff PMA, Pasqualucci CA. (2004) Raman
spectroscopy for diagnosis of calcification in human heart valves. Spectrosc. Int. J. 18, 75-84

Ozbek H, et al. (2003) The Serum Levels of IL-1b, IL-6, IL-8 and TNF-a in Nonalcoholic Fatty
Liver. Turkish Journal of Medical Science 33: 381-386

301

Rheumatic Heart Disease in Egypt


http://www.racgp.org.au/guidelines/
http://www.racgp.org.au/guidelines/
http://www.racgp.org.au/guidelines/
http://www.racgp.org.au/guidelines/
http://www.racgp.org.au/guidelines/

References

Paar JA, Berrios NM, Rose JD, et al. (2010) Prevalence of Rheumatic Heart Disease in Children
and Young Adults in Nicaragua. Am J Cardiol 105:1809-1814

Park Myung K. (1996) Valvular Heart disease. In: Myung Park K, editor, Paediatric Cardiology
for Practitioners, 3 rd ed. 310-20.

Paulus HE, Brahn E.(2004) Is erythrocyte sedimentation rate the preferable measure of the acute
phase response in rheumatoid arthritis? J Rheumatol, 31, 838-40.

Perez-Trallero E, Montes M, Orden B, Tamayo E, Garcia-Arenzana JM, Marimon JM. (2007)
Phenotypic and genotypic characterization of Streptococcus pyogenes isolates displaying the
MLS B phenotype of macrolide resistance in Spain, 1999 to 2005. Antimicrob Agents
Chemother 51:1228-33.

Perez-Trallero E., Garcia-Arenzana JM, Urbieta-Egafia M. (1989) Erythromycin resistance in
streptococci. Lancet ii:444 445,

Pichichero ME. (2004) Group A Streptococcal vaccines. JAMA 292(6):738-739

Pnina V, Walter M, Yael W, Levi J, Abraham B. (1983) Clinical-echocardiographic correlations
in acute rheumatic fever. Paediatrics 71(5):830-34.

Pruksakorn S, Currie B, Brandt E, et al. (1994) Towards a vaccine for rheumatic fever:
identification of a conserved target epitope on M protein of group A streptococci. Lancet, 344,
639-42.

Ramakrishnan S. (2009) Echocardiography in acute rheumatic fever. Ann Pediatr Card, 2, 1
Raman CV, Krishnan KS. (1928) A new type of secondary radiation. Nature. 121, 501-502

Ramasawmy R, G. Spina, K. C. Fae’, A. C. Pereira, R. Nisihara, |I. Messias Reason, M.
Grinberg, F. Tarasoutchi, J. Kalil, L. Guilherme, unpublished observations

Ransome OJ, Roode H. (1988) Rheumatic fever in an urban community. S Afr Med J. 73:154-6

Rao GHR, Reddy KR and White JG. (1983) Penicillin induced human platelet dysfunction and
its  reversal by  epinephrine. Prostaglandins, Leukotrienes  and Medicine
Volume 11, Issue 2, Pages 199-211

Ratner BD, et al. (2004) In: Biomaterials science: an introduction to materials in medicine.
Elsevier, 2nd ed. 2004

302

Rheumatic Heart Disease in Egypt



References

Ravisha S, Tullu MS, Kamat JR. (2003) Rheumatic fever and rheumatic heart disease:
clinical profile of 550 cases in India. Arch. Med. Res.34, 382-387.

Reddy A, Jatana SK, Nair MNG. (2004) Clinical Evaluation Versus Echocardiography in the
Assessment of Rheumatic Heart Disease. MJAFI 60: 255-258

Roberts S, Kosanke S, Dunn ST, Jankelow D, Duran CMG, Cunningham MW. (2001)
Pathogenic mechanisms in rheumatic carditis: focus on valvular endothelium. J Infect Dis, 183,
507-511.

Robinson JH, Kehoe A. (1992) Group A streptococcal M Proteins: virulence factors and
protective antigens. Immunol Today, 13, 362-7.

Rocha R, Villaverde AB, et al. (2007) Identification of Calcifications in Cardiac Valves by Near
Infrared Raman Spectroscopy. Photomedicine and Laser Surgery 25:(4) 287-290

Roodpeyma S, Kamali Z, Zare R. (2005) Rheumatic fever: the relationship between clinical
manifestations and laboratory tests. J Paediatr Child Health, 41, 97-100.

Rosenthal A, Cronicjer G, Massell BF. (1968) Rheumatic fever under 3 years age. A report of
10 cases. Pediatrics 41:612-9

Rothenburger M, Volker W, Vischer P, Glasmacher B, Scheld HH, Deiwick M. (2002)
Ultrastructure of proteoglycans in tissue-engineered cardiovascular structures. Tissue Eng
8(6):1049-56.

Routray SN. (2003) Has the prevalence of Rheumatic fever/Rheumatic heart disease really
changed? A hospital based study. Indian Heart Journal 55:152-7.

Sampaio RO, Fae KC, Demarchi LMF, et al. (2007) Rheumatic heart disease: 15 years of
clinical and immunological follow-up. Vascular Health and Risk Management, 3(6), 1007—
1017.

Samsonov MY, Tilz GP, Pisklakov VP, Reibnegger G, Nassonov EL, Nassonova VA,
Wachter H, Fuchs D. (1995) Serum-soluble receptors for tumor necrosis factor-- and
interleukin-2 and neopterin in acute rheumatic fever. Clin Immunol Immunopathol 74:31-
34.

303

Rheumatic Heart Disease in Egypt



References

Sanyal, S. K., Berry, A. M., Duggal, S., Hooja, V. & Ghosh, S. (1982) Sequelae of the initial
attack of acute rheumatic fever in children from north India: a prospective 5-year follow-up
study. Circulation 65, 375-379

Sanyal, S. K., Thapar, M. K., Ahmed, S. H., Hooja, V. & Tewari, P. (1974) The initial attack of
acute rheumatic fever during childhood in North India: a prospective study of the clinical
profile. Circulation 49, 7-12

Saran RK, Sinha N, Hasan M, Bhatia MC, Bhatia KB. (1985) Is monthly injection of
benzathine penicillin adequate for rheumatic fever prophylaxis in our country? J. Assoc.
Physicians India 33, 641-643.

Saxena A. (2000) Diagnosis of Rheumatic fever: current status of Jones criteria and role of
echocardiography. Indian Journal of Paediatrics 67(4):283-6.

Saxena A et al. (2008) For the working Group on Pediatric Acute Rheumatic Fever and
Cardiology Chapter of Indian Academy of Pediatrics. Consensus guidelines on pediatric acute
rheumatic fever and rheumatic heart disease. Indian Pediatr., 45, 565-573.

Schoen FJ, Hobson CE. (1985) Anatomic analysis of removed prosthetic heart valves- causes of
failure in 33 mechanical valves and 58 bioprostheses, 1980 to 1983. Hum. Pathol. 16(6), 549-
559

Schulz C, von Beckerath O, Okrojek R, von Beckerath N and Massberg N. (2010) Platelet
dysfunction and inhibition of multiple electrode platelet aggregometry caused by penicillin.
Thrombosis Journal.1186/1477-9560-8-13

Scott M, Vesely I. (1995) Aortic valve cusp microstructure: The role of elastin. Ann Thorac
Surg; 60:5392-4

Seitz M, Dewald B, Gerber N, Baggiolini M (1991) Enhanced production of neutrophil-
activating peptide-1/interleukin-8 in rheumatoid arthritis. J Clin Invest 87:463+469

Sell S, Scully RE. (1965) Aging changes in the aortic and mitral valves. Histologic and
histochemical studies, with observations on the pathogenesis of calcific aortic stenosis and
calcification of the mitral annulus. Am J Pathol 46:345-65.

Sell S, Scully RE. (1965) Aging changes in the aortic and mitral valves: histologic and
histochemical studies, with observations on the pathogenesis of calcific aortic stenosis and
calcification of the mitral annulus. Am J Pathol 46:345— 65.

304

Rheumatic Heart Disease in Egypt



References

Settin AA, Al-Haggar MS, El-Marsafawy H, et al. (2006) Genetic analysis of rheumatic fever
among Egyptian families: consanguinity pattern, segregation analysis and blood group
association. J Med Sci 6:415-422

Shah PM. (1989) Quantitative assessment of mitral regurgitation. J Am Coll Cardiol 13:591-93

Shearn MA, Kang IY. (1986) Effect of age and sex on the erythrocyte sedimentation rate. J
Rheumatol 13:297-8

Sheree A, de Malmanche, Martin DR. (1994) Protective immunity to group A Streptococcus
may be only strain specific. Med Microbiol Immunol, 183, 299-306.

Siwik DA, Chang DL, Colucci WS. (2000) Interleukin-1 beta and tumor necrosis factor-alpha
decrease collagen synthesis and increase matrix metalloproteinase activity in cardiac fibroblasts
in vitro. Circ Res 86:1259-65.

Sliwa K, Carrington M, Mayosi BM, Zigiriadis E, Mvungi R, Stewart S. (2010) Incidence and
characteristics of newly diagnosed rheumatic heart disease in Urban African adults: insights
from the Heart of Soweto Study. European Heart Journal 31, 719-727

Smith TD, Wilkinson V, Kaplan EL. (1989) Group A streptococcus-associated upper respiratory
tract infections in a day-care center. Pediatrics. 83:380-384.

Smith SC, Allen PM (1992) Neutralization of endogenous tumor necrosis factor ameliorates the
severity of myosin-induced myocarditis. Circulation Res 70:856-862

Soto Lopez ME, Cordera Gonzales de Casio F, Estrada L, Guel L, Abud, Mendoza C,
Reyes PA. (2001) Rheumatic fever in the 5-year period of 1994-1999 at 2 hospitals in San
Luis Potosi and Mexico D.F. Arch Cardiol Mex 71: 127-35.

Sox HC, Liang MH. (1986) The erythrocyte sedimentation rate. Ann Intern Med, 104, 515-23.

Stanevicha V, Eglite J, Sochnevs A, Gardovska D, Zavadska D, Shantere R. (2003) HLA class
Il associations with rheumatic heart disease among clinically homogeneous patients in children
in Latvia. Arthritis Res Ther, 5, R340-6.

Steddon SJ, et al. (2004) Impaired release of interleukin-6 from human osteoblastic cells in the
uraemic milieu. Nephrology Dialysis Transplantation 19(12): 3078-3083

Steer AC, Carapetis JR. (2009) Prevention and treatment of rheumatic heart disease in the
developing world. Nat. Rev. Cardiol. 6, 689-698.

305

Rheumatic Heart Disease in Egypt



References

Steer AC et al. (2009-2) Acute rheumatic fever and rheumatic heart disease in Fiji: prospective
surveillance, 2005-2007. Med. J. Aust., 190, 133-135.

Steer AC, Carapetis JR. (2009%) Acute rheumatic fever and rheumatic heart disease in
indigenous populations. Pediatr Clin North Am 56:1401-109.

Stephens EH, Chu C, Grande-Allen KJ. (2008)Valve proteoglycan content and
glycosaminoglycan fine structure are unique to microstructure, mechanical load and age:
Relevance to an age-specific tissue-engineered heart valve. Acta Biomaterialia 4, 1148-1160

Stevens A, Lowe J. (1997) Human Histology. (2 nd ed.), Mosby, Philadelphia

Stewart T, McDonald R, Currie B. (2007) Acute rheumatic fever: adherence to secondary
prophylaxis and follow up of Indigenous patients in the Katherine region of the Northern
Territory. Aust J Rural Health 15:234-40

Stillerman M. (1986) Comparison of oral cephalosporins with penicillin therapy for group
A streptococcal pharyngitis. Pediatr Infect Dis 5: 649-654

Stollerman GH (1988) Rheumatic and heritable connective tissue diseases of cardiovascular
system; in Braunwald E (ed): Heart Disease. Philadelphia, Saunders, vol 11, pp 1706-1734.

Stollerman GH, Rusoff JH, Hirsgfield 1. (1955) Prophylaxis against group A streptococci in
rheumatic fever. The use of single monthly injections of benzathine penicillin G. N Ebgl J Med.
252:787-92

Stollerman GH, Markowitz M, Taranta A, et al. (1965) Committee report: Jones criteria
(revised) for guidance in the diagnosis of rheumatic fever, Circulation, 32, 664—668.

Stollerman GH. (1975) Epidemiology of rheumatic fever. In: Stollerman GH, ed. Rheumatic
fever and streptococcal infection. New York: Grune & Stratton, 64-8

Stollerman GH. (1988) The return of rheumatic fever. Hosp Pract (Off Ed). 1988 Nov
15;23(11):100-6, 109-13. Review.

Stollerman GH. Rheumatic fever in the 21% century. (2001) Clincical Infectious Diseases, 33,
806-814.

Strasser T, Dondog N, El Kholy A, et al. (1981) The community control of rheumatic fever and
rheumatic heart disease: report of a WHO international cooperative project. Bull WHO 59: 285-
294

306

Rheumatic Heart Disease in Egypt



References

Szalai AJ. (2004) C-reactive protein (CRP) and autoimmune disease:facts and conjectures. Clin
Dev Immunol, 11, 221-6.

Tandon R. (2000) Acute rheumatic fever and rheumatic heart disease. In: Ghai OP, Gupta P,
Paul VK, editors. Ghai Essential Pediatrics. 5 th ed. 274-84.

Tandon R. (2004) Is it possible to prevent Rheumatic Fever? IHJ, 56(6), 1-7.

Taneja V, Mehra NK, Reddy KS, et al. (1989) HLA-DR/DQ antigens and reactivity to B cell
alloantigen D8/17 in Indian patients with rheumatic heart disease, Circulation, 80, 335-340.

Tani LY, Veasy LG, Minich LL, Shaddy RE. (2003) Rheumatic fever in children younger than 5
years: is the presentation different? Pediatrics 112:1065-1068.

Thakur JS, Negi PC, Ahluwalai SK, Vaodya NK. (1996) Epidemiologic survey of rheumatic
heart disease among school children in the Shimla Hills of nothern India: prevalence and risk. J
Epidemiol Community Health 50:62—7

Thomas GT: Five-year follow-up on patients with rheumatic fever treated by bed rest, steroids,
or salicylate. Brit Med J 1:1635,1961

Tibazarwa KB, Volmink JA, Mayosi BM (2008) Incidence of acute rheumatic fever in the
world: a systematic review of population-based studies. Heart 94: 1534-1540.

Tomai MA, Kotb M, Majumdar G, Beachey EH. (1990) Superantigenicity of streptococcal M
protein. J Exp Med 172:359+362

Tompkins DG, Boxerbaum B, Liebman J. (1972) Long-Term Prognosis of Rheumatic Fever
Patients Receiving Regular Intramuscular Benzathine Penicillin. Circulation 45;543-551

Toussaint JF, LaMuraglia GM, Southern JF, Fuster V, Kantor HL. (1996) Magnetic resonance
images lipid, fibrous, calcified, hemorrhagic, and thrombotic components of human
atherosclerosis in vivo. Circulation. 94:932+938.

Trallero EP, Arenzana  JMG, Egana MU. (1989) Erythromycin resistance in
streptococci. Lancet ii: 444-445.

Tubridy-Clark M, Carapetis JR. (2007) Subclinical carditis in rheumatic fever: A systematic
review. Int J Cardiol, 119, 54-8

307

Rheumatic Heart Disease in Egypt



References

Vasan RS, Shrivastava S, Vijayakumar M, et al. (1996) Echocardiographic Evaluation of
Patients With Acute Rheumatic Fever and Rheumatic Carditis. Circulation. 94:73-82.

Veasy LG, Wiedmeier SE, Orsmond GS et al. (1987) Resurgence of acute rheumatic fever in the
intermountain area of the United States. N Engl J Med 316:421-7.

Veasy LG. (1993) Echocardiography for diagnosis and management of rheumatic fever. JAMA,
269, 2084.

Veasy LG, Tani LY, Hill HR. (1994) Persistence of acute rheumatic fever in the intermountain
area of the United States. J Pediatr, 124, 9-16.

Veasy LG, Hill HR. (1997) Immunologic and clinical correlations in rheumatic fever and
rheumatic heart disease. Pediatr. Infect. Dis. J., 16, 400-407.

Vesely 1. (1998) The role of elastin in aortic valve mechanics. Journal of Biomechanics 31 (2),
115-123

Vesely 1. (2004) Tissue engineering of heart valves. Encyclopedia of biomaterials and
bioengineering. New York: Marcel Dekker; p. 1545-58

Viidik A, Danielson CC, Oxlund H. (1982) On fundamental and phenomenological models,
structure and mechanical properties of collagen, elastin and glycosaminoglycan complexes.
Biorheology 19 (3), 437-451.

Vijayalakshmi 1B, Mithravinda J, Deva AN. (2005) The role of echocardiography in diagnosing
carditis in the setting of acute rheumatic fever. Cardiol Young 15: 583-588.

Vijayalakshmi IB, Vishnuprabhu RO, Chitra N, Ravindra Rajasri, Anuradha TV. (2008) The
efficacy of echocardiographic criterions for the diagnosis of carditis in acute rheumatic fever.
Cardiol Young 18: 586-592

Vinker S, Zohar E, Hoffman R and Elhayany A. (2010) Incidence and Clinical Manifestations of
Rheumatic Fever: A 6 Year Community-Based Survey. IMAJ 12: 78-81

Volanakis JE. (2001) Human C-reactive protein: expression, structure, and function. Mol
Immunol 2001;38:189-97

Wagner-Weiner L. (2002) Laboratory evaluation of children with rheumatic disease. Pediatr
Ann, 31, 362-71.

308

Rheumatic Heart Disease in Egypt



References

Wang CM, et al. (1999) Tumor necrosis factor-alpha and interleukin-6 profiles in children with
pneumonia. Journal of Microbiology Immunology and Infection 32(4): 233-238

Wang B, Cue D, Cleary P. (2000) Intracellular invasion by Streptococcus pyogenes: invasins,
host receptors, and relevance to human disease. In: Fischetti VA, Novick RP, Ferretti JJ,
Portnoy DA, Roods JI, eds. Gram-positive pathogens. 2nd ed. Washington, DC: ASM Press,
2000.

Wang YY, et al. (2003) Increased serum concentrations of tumor necrosis factor-alpha are
associated with disease progression and malnutrition in hepatocellular carcinoma. Journal of the
Chinese Medical Association 66(10): 593-598

Wannamaker LW, Rammelkamp CH Jr, Denny FW, Brink WR, Houser HB, Hahn EO. (1951)
Prophylaxis of acute rheumatic fever by treatment of the preceding streptococcal infection with
depot penicillin. Am J Med 10:673-95

Weisensee D, Bereiterhahn J, Schoeppe W, Lowfriedrich 1. (1993) Effects of cytokines
on the contractility of cultured myocytes. Internat J Immunopharmacol 15:581+587

Whicher JT, Evans SW (1990) Cytokines in disease. Clin Chem 36:1269+1281

White H, Walsh W, Brown A, Riddell T, Tonkin A, et al. (2010) Rheumatic Heart Disease in
Indigenous Populations. Heart, Lung and Circulation 19:273-281

WHO (1986) World Health Organization. Community prevention and control of cardiovascular
diseases. Report of a WHO expert committee, 1986. p.732. World Health Organization, Geneva,
Switzerland

WHO (1988) World Health Organization Study Group. Rheumatic fever and rheumatic heart
disease. (Technical Report Series No 764.) Geneva: World Health Organization, 1988.

WHO (1992) WHO/CVD unit and principal investigators. WHO programme for the prevention
of rheumatic fever/rheumatic heart disease in 16 developing countries: report from Phase |
(1986-1990). Bulletin of the World Health Organization 70(2):213-8.

WHO (2001). Rheumatic fever and rheumatic heart disease: report of a WHO expert
Consultation (WHO, Geneva, 2001).

WHO (2004) Rheumatic fever and rheumatic heart disease: report of a WHO Expert
Consultation, Geneva, 29 October—1 November 2001. Geneva: WHO, 2004

309

Rheumatic Heart Disease in Egypt



References

WHO (2004) Rheumatic fever and rheumatic heart disease. World Health Organisation
Technical Report Series No. 923, pp. 1-122.

WHO (2007) World Health Organisation. The current evidence for the burden of group A
streptococcal diseases. Available at http://www.who.int/child-adolescent-
health/publications/CHILD_HEALTH/DP/Topic_2/paper_1.htm (accessed 9 September 2007).

Williams RV, Minich LL, Shaddy RE, et al. (2002) Evidence for lack of myocardial injury in
children with acute rheumatic carditis, Cardiol Young, 12, 519-523.

Wilson NJ, Neutze JM. (1995) Echocardiographic diagnosis of subclinical carditis in acute
rheumatic fever. Int J Cardiol, 50, 1-6.

Woo KS, Kong SM, Wai KH. (1983) The changing prevalence and pattern of acute rheumatic
fever and rheumatic heart disease in Hong Kong (1968-1978). Aust N Z J Med. 13:151-156.

Wu JJ, Lin KY, Hsueh PR, Liu JW, Pan HI, Sheu SM. (1997) High incidence of erythromycin-
resistant streptococci in Taiwan. Antimicrob Agents Chemother 41: 884-886.

Yegin O, Coskun M, Ertug H (1997) Cytokines in acute rheumatic fever. Eur J Pediatr 156:25—
29

Yeh ET. (2004) CRP as a mediator of disease. Circulation, 109 (Suppl 1), 1111-4.

Yoshida K, Yoshikawa J, Shakudo M, Akasaka T, Jyo Y, Takao S, et al. (1988) Color doppler
evaluation of valvular regurgitation in normal subjects. Circulation 78:840-7

Yoshida N, et al. (2002) Interleukin-6, tumour necrosis factor alpha and interleukin-1beta in
patients with renal cell carcinoma. British Journal of Cancer 86(9): 1396-1400

Zabriskie JB. (2004) Rheumatic fever: a model for the pathological consequences of microbial-
host mimicry. Clin Exp Rheumatol 1986; 4:65—73. adults: phase 1 trial. JAMA, 292, 709-15.

Zackrisson G, Lind L, Roos K, Larson P.(1988) Erythromycin resistant ®w-hemolytic
streptococci group A in Goteborg, Sweden. Scand J Infect Dis 20: 419-420.

Chan YH. (2003) Biostatistics 102: Quantitative data — parametric & non parametric tests.
Singapore Med J 44(8): 391-396.

Chan YH. (2003-2) Biostatistics 103: Qualitative data — Tests of independence. Singapore Med
J 44(10): 498-503.

310

Rheumatic Heart Disease in Egypt



Publications

List of Publications during this thesis

Yacoub S, Kotit S, Mocumbi AO, Yacoub MH (2008). Neglected diseases in cardiology: a call
for urgent action. Nature Clin Prac Cardiovasc Med 5(4):178-9

Yacoub S, Kotit S, Yacoub MH (2011). Disease appearance and evolution against a background
of climate change and reduced resources. Phil. Trans. R. Soc. A vol. 369 no. 1942; 1719-1729

311

Rheumatic Heart Disease in Egypt



Appendices

Appendices

Appendix I: Population characteristics

Appendix Il: Schools per area (Arabic)

Appendix I11: Calculations of number needed to screen
Appendix IV: List of the schools randomly selected
Appendix V: Standardized questionnaire

Appendix VI: Ethical permission Imperial College, London
Appendix VII: Information sheet and informed consent

Appendix VIII: Consent from Ministry of Health and Governorate of Aswan (Arabic)

312

Rheumatic Heart Disease in Egypt



Appendices

Appendix |

Population:

Age structure:

Median age:

Population growth rate:

Population density
Birth rate:
Death rate:

Sex ratio:

Life expectancy at birth:

Urbanization
Urban

Rural

83,082,869 (July 2009 est.)

0-14 years: 31.4%

(male 13,345,500/female 12,743,878)
15-64 years: 63.8%

(male 26,823,127/female 26,169,421)
65 years and over: 4.8%

(male 1,701,068/female 2,299,875) (2009 est.)

total: 24.8 years
male: 24.4 years
female: 25.2 years (2008 est.)

1.642% (2009 est.)

84 persons per sq km (2009 est.)
22.12 births/1,000 population (2008 est.)
5.09 deaths/1,000 population (2008 est.)

at birth: 1.05 male(s)/female

under 15 years: 1.05 male(s)/female

15-64 years: 1.02 male(s)/female

65 years and over: 0.74 male(s)/female

total population: 1.02 male(s)/female (2009 est.)

total population: 72.12 years
male: 69.56 years
female: 74.81 years (2009 est.)

42% (2005 est.)

5896 (2005 est.)
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Area | Agegroup | N Representation | N needed Representation | N needed to
children | of area to screen in | of age groups | screen in
in area area age group
5y 18 0.21% 1
L 6y\l2y 6334 74.60% 370
13y\15y | 2136 25.17% 125
Total 8488 16.50% 495
S5y 12 0.55% 12
5 6y\l12y 1495 68.70% 87
13y\ 15 670 30.77% 39
Total 2177 4.20% 127
5y 626 4.35% 37
3 6y\l2y 8603 60.00% 502
13y\15y | 5145 35.80% 300
Total 14374 27.90% 839
5y 47 2.10% 3
q 6y\l2y 1448 67.50% 85
13y\15y 648 30.20% 38
Total 2143 4.10% 125
5y 230 1.54% 14
5 6y\12y | 10991 73.80% 641
13y\15y | 3674 24.70% 214
Total 14895 28.98% 869
5y 316 4.00% 18
6 6y\l2y 5598 69.00% 327
13y\15y | 2184 27.00% 128
Total 8098 15.75% 473
5y 0 0.00% 0
- 6y\l2y 740 39.70% 30
13y\15y 487 60.30% 43
Total 1227 2.38% 72 2.38%

318

Rheumatic Heart Disease in Egypt



Appendices

Appendix IV
Area Name of school Age group Amount of  Number
children of
children
screened
1 Mostafa Kamel 6y\12y 523 370
Shawky Abed 13y\15y 308 125
2 AlKoba AlGedieda 5y 12 12
6y\12y 123 87
Ahmed Saber 13y\15y 91 39
3 Ali Nasser 5y 155 37
6y\12y 962 502
AlMo2assa2 13y\15y 825 300
4 Mogame3 5y 47 3
EIMahmoudeya
6y\12y 769 85
Abdel Sabour 13y\15y 648 38
AlGuilawy
5 5y 22 14
AlArwa Alwasska 6y\12y 1181 641
13y\15y 639 214
6 El Gomhoreya S5y 71 18
6y\12y 499 327
13y\15y 526 128
7 Mahmoud Ibrahim 6y\12y 234 30
Abdelkhalek Allam 13y\15y 487 43

*In area 1 and 7 there are no schools in the cathegory of 5 years of age
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4

Patient ID
Name

Date of birth
Gender
Address

Phone number
Name of school
Area

Date of assessment

Disease awareness

Father: active job
Father: Job description

Father: literacy

Mother: active job
Mother: job description

Mother: literacy
Number of siblings

Sibling medical history

Aswan Heart Centre
Magdi Yacoub Heart Foundation

Screening of school children

O Male O Female

O Excellent O Poor
O Fair

Family environment

O Yes O No

O Yes O No

O Yes O No

O Yes O No

O Rheumatic fever O Congenital cardiac
[0 Endomyocardial fibrosis O Other

O Hypertrophic cardiomyopathy

Details of other sibling medical

history

Notes
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Family history

Pharyngitis

Skin infection

Dental care

History of previous medical
interventions

Specify

History of previous cardiac
interventions

Specify

Timing of first attack

Angina

Cutaneous infection

Rheumatic Fever

Recurrences

Medication

Antibiotic prophylaxis

Schedule for antibiotic prophylaxis

Prophylaxis score

Risk factors

oflee|oflolnnn

CAD
EMF
HOCM

(0]

Yes No

o

Yes No

Good
Fair

Yes O No

Yes O No

History of rheumatic fever

CRCY ICH S LBLELILRLE 'S L RLALE L BN B R0

<6 months previously
6-12 months previously
Yes O No
Yes QO No
Arthralgia
Poly arthritis
Carditis
Cutaneous nodules
Yes O No
Salicylate
Corticosteroids
Penecillin V
Benzathine penicillin G
Erythromycin
Yes O No
15 days

Excellent (>12 shots per year)

Fair (9-12 shots per year)

O bcm

[0 Rheumatic disease

O Rheumatic heart disease
O Poor

O 1-5years ago

O >5yearsago

O Fever
O Sydenham's chorea
O Erythema marginatum

B-blocker

Digoxin

Diuretics

Calcium channel blocker
Anticoagulation

Oooooo

O 3 weeks

O Poor (<9 shots per year)
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Physical examination

Height cm
Weight kg
Murmurs O AV systolic O AVdiastolic
O MV systolic O MV diastolic
O TV systolic O TVdiastolic
O PV systolic O PV diastolic
Peripheral oedema O No O Yes
Splenomegaly O No O Yes
Hepatomegaly O No O Yes
Pulmonary rales O Minor O Major
echocardiogram
Rhythm O Sinus QO Atrial flutter
Q Atrial fibrillation O Pacemaker
Valve disease O Degenerative
O Rheumatic O Congenital
Morphological features O Thickening of valve cusps O Commisures fusion
O Doming of valve cups O calcification
O Sub-valvular apparatus affection O  Fixed leaflets
Functional features O Aortic O Mitral Q Tricuspid O Pulmonary
(| Regurgitation O Regurgitation a Regurgitation O Regurgitation
[0 Stenosis [0 Stenosis [0 Stenosis [ Stenosis
[ Trivial [ Trivial [ Trivial [ Trivial
0 wmild O wmild O mild 0 mild
[0 Moderate O Moderate O Moderate O Moderate
O Severe O Severe O Severe 0O Severe
Conclusion O Normal O RHD O other
Plan O None O Follow-up O Consultation
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Appendix VI

Imperial College Research Ethics Committee

Imperial College

G02 Sir Alexander Fleming Building

LO n d 0 n g‘c;\llj;hzlfénsington Campus

Tel: +44 (0)207 594 1770 Fax: +44 (0) 207 594 1792

researchethicscommittee@imperial.ac.uk

Thursday 17 September 2009

Professor Julia Buckingham
Room 4.09

Level 4 Faculty Building
Imperial College London
South Kensington Campus
London

SW7 2AZ

Dear Professor Buckingham

Study Title: Admissions test pilot study
ICREC reference: ICREC_8_5_2
Cl: Professor J Buckingham (PI)

A request for an amendment to the above study was reviewed by members of the Imperial
College Research Ethics Committee on 17 September 2009.

Ethical Opinion

The members of the Committee present gave full approval of the study on the basis
described in the cover email and the revised supporting documents.

Documents
The documents reviewed were:
e Cover email explaining the amendments and their justifications
e Amended Participant Information Sheet
e Amended Consent Form
Membership of the Committee
The members of the Ethics Committee who reviewed the study were:
Mr Michael Dixon (Chair)
Professor Chris Hankin (Deputy-Chair)

Professor Andrew George
Mr David Wilbraham

Imperial College of Science, Technology and Medicine
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Appendix VII

Title of the project: Rheumatic Heart Disease in Egypt

We invite you to consider taking part in a research project.
It is important that you read and understand some general principles that apply to all
those who take part in clinical research:

A) Your participation in this study is entirely voluntary

B) Personal benefit may or may not result from taking part in the study, although
it is hoped there will be personal benefit to you. Knowledge may also be
gained which could benefit other people.

C) You may withdraw from the study at any time without penalty or loss of any
benefits to which you are otherwise entitled.

D) If you choose not to enter this study, this will not affect you in any way.

Explanation of the project:
There is a large group of individuals suffering from Rheumatic Fever which without

proper treatment and other medical health measures to prevent disease or health
problems, may lead to damage of the heart. We are therefore examining individuals
for the presence of heart damage due to this infection. We are approaching you
because you have or are suspected of a history of Rheumatic Fever or Rheumatic
Heart Disease or have a child with this medical history.

The goal of our study is to detect how many individuals are affected with the disease,
how severe it is, how it presents itself, the factors that are involved in getting the
disease and how we can prevent and treat it the best way. This screening will help us
obtain important information on the disease which will be used for future disease
prevention and treatment.

We will be asking you and/or child a number of questions regarding the general health
condition and medical history. This will be followed by a non-painful imaging of the
heart called echocardiogram, which gives an image of the heart and its function. The
test is painless and takes about 15 minutes. The study also involves taking a swab,
done by rubbing a cotton bud on the inside of the throat, and the collection of 10 ml of
blood (about 1 large spoonful) from the arm at the end of the examination.

This analysis will be strictly for the detection of factors that could make you or your
child more susceptible to Rheumatic Fever and Rheumatic Heart Disease and will not
be used for any other purpose now nor in the future. We have no reason to think that
you or your child have the disease. You and your child have the ample opportunity to
decline to take part and this will not affect you nor your child’s education or health
services in any way.

Confidentiality — who will have access to the information?

All information that is collected about you or your child during the course of the study
will be kept strictly confidential. Any information about you or any results of the tests
will have your name and address removed so that you cannot be identified. Only
authorized staff and representatives from the funding organisation or regulatory
bodies will be permitted to review your medical records.

What will happen to the study results?

A report will be produced for scientific papers for publication in medical journals.
Your child’s name will not appear in any of these reports. You will be notified about
the results of the tests and eventual need of any further treatment or follow-up.

Request
You are expected to attend the echocardiographic examination, answer the

questionnaire, undergo the collection of a throat swab and blood sample and receive
information regarding the procedures as well as the results.
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INFORMED CONSENT

(agree to / give my consent for my child to) undergo the research procedures
described overleaf and take part in this project. The nature, purpose and possible
consequences have been fully explained to me.

I have received information on the reasons for the tests and I understand that the tests
will contain non-invasive imaging and that the results of the tests will be made known
to me and any suggested form of treatment will be explained to me before any sort of
treatment is instituted.

I understand that if I refuse participation in this project, this will not in any way
jeopardize me nor my child’s treatment neither now nor in the future nor his school

attendance and results.

Date

Signature
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POV [ROOS [ L Pe

u[g.wil!éﬁl:m
dadlnlf CiSe
\v NSNS

i, | e S | ) s | it |

e 5t/ YOS el ] )5 o 51231 s
day g db LS

P ol ameadl /Sl S il O b 35 o] D s

ool adl s aiie ami) Coging G/ sxSu dansd MBS Srlon] 3 0

el 2l e Tl a3y bl an il I o | o Lo i
. N ¥ 70N

ekl N> o oy I ol gl o0 gy LUl gt o S o L

s el gl el diiad WUy ol okl el o il
b Pl il 855 pe Lo s 1 Lo T VUL oLy S
¢ a2l g Lilaall O s 5 e slel o oo s Al VW 514

v donall 50y 28] o g Y1
ol s 5 0 Ml 5Ll o D 3Ll Ll o Lz

a3l Jsdy shiadsy

, \\J\,A ) i

M o da il /| g
Lilad ] S gouds ple i

N

326

Rheumatic Heart Disease in Egypt



