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 III. ABSTRACT  

Introduction   
Infective endocarditis (IE) remains an evolving disease with a persistently high 
mortality and morbidity. In Africa, it is predominantly a disease of the young in 
contrast to the developed world. South Africa represents a very high prevalence of 
HIV at 21.67% of global HIV infections. Other factors in South Africa include the high 
prevalence of rheumatic valvular heart disease, low socio-economic status and 
poverty makes the patient population completely different from the developed world.  
  
The primary aim was to determine the influence of HIV infection on infective 
endocarditis patients in central South Africa. The secondary aim was to compare the 
HIV positive patients and HIV negative patients in the context of this disease.  
  
Objectives: To determine the demographics, presentation, indication for surgery, 
microorganisms, and outcomes of HIV positive versus HIV negative patients 
presenting with Infective endocarditis.  
  
Methods: Retrospective, analytical cohort study that reviewed the records of adult 
patients who were tested for HIV and treated surgically for infective endocarditis 
between 2009 to 2019. Data was compared between the two groups using chi-square 
or Fisher exact tests for categorical variables. Median and interquartile ranges were 
used for continuous variables and frequencies and proportions for categorical 
variables. Significance was set as p < 0.05.  
  
Results: From the 141 IE patients who underwent surgery for IE, 105 patients were 
tested for HIV, 31% (n=33) tested positive.  The mean age for both groups was 
comparable 38.87 versus 39.51 years. Eighty-eight percent (n=29) of positive patients 
were on HAART. In both groups, there was a male preponderance, 55% vs 46% and 
56% vs 44% respectively. The majority of HIV positive (91%) and negative patients 
(71%) were of African descent, more than 50% of both groups presented with NYHA  
III&IV, both groups had a medium-high risk of developing IE (HIV (+) 72%; HIV (-) 
62%). Prevention of embolization was the main indication for surgery in HIV (+) 
group and heart failure in the negative group. In both groups a greater proportion of 
patients had left sided native valve endocarditis 95% and RHD was predominantly 
the underlying pathology 60%, requiring mechanical prostheses mainly in the mitral 
46% and aortic 33% position. Right sided endocarditis represents <5% and only 2 out 
105 patients confirmed IVDA’s, Staphylococcus and Streptococcus dominated 
cultured organisms with staphylococcus species being more frequent, culture 
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negative endocarditis remains high in both groups, with 47% HIV (-) group vs 33%. 
Morbidity was limited in both groups 12% vs 11% with no major difference. The 
overall mortality was higher in the HIV (+) group (39% vs 34%); however, the in-
hospital mortality was higher in the HIV (-) group (17% vs 12%).  
  
Conclusion  
Infective endocarditis remains a deadly disease with high short- and long-term 
mortality. HIV infection has minimal to no impact on perioperative and in- hospital 
morbidity and mortality, left heart endocarditis is the dominant disease within the 
HIV patients due to the rheumatic valvular heart disease as opposed to right heart 
endocarditis. The high prevalence of culture negative endocarditis warrants further 
investigation. Given the low number of patients in this cohort study, further 
prospective studies need to be conducted to establish a statistical significance 
between the HIV (+) and (-) groups.  
    
  
Keywords: Infective Endocarditis; Cardiac surgery; Human immunodeficiency virus 
Etiology; Epidemiology, microorganisms, and outcomes.  
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1. Literature Review  

1.1 Background  

Infective endocarditis (IE) refers to an active intracardiac infection that resides on 
one or more heart valve surfaces.  Other cardiac structures can also be involved as 
well as endovascular infection can also occur.  Other cardiac structures include the 

sub valvular apparatus, cardiac muscles, and pericardium (Mauri et al., 2001). 

Infections of the inner surface of the heart are to as infective endocarditis, which can 
be caused by any microorganism form bacterial or fungal species (Thiene and Basso, 
2006).  
  

1.2 Epidemiology  

1.2.1 Infective endocarditis  

Infective endocarditis (IE) is a rare but remains an evolving disease with persistently 
high mortality and morbidity (Prendergast, 2006).  In the United States and Western 
Europe, the incidence of community-acquired native-valve endocarditis in most recent 
studies is 1.7 to 6.2 cases per 100,000 person-years (Mylonakis and Calderwood, 
2001).  Surprisingly, the incidence has not declined over the last 30 years, and now 
with more health care interventions, such as pacer/defibrillators, and an increasingly 
elderly population with degenerative valvular heart disease, the number susceptible 
to endocarditis is increasing. Given the weak evidence for endocarditis prophylaxis, 

there remains a large population at risk (Bashore et al., 2006).  
  

Epidemiological studies suggest a bimodal age distribution, with the younger 
population dominated by patients with rheumatic heart disease or congenital heart 

disease and injection drug use (Mauri et al., 2001).  As increased longevity has given 
rise to degenerative valvular disease, placement of prosthetic valves, and increased 
exposure to nosocomial bacteremia, the median age of patients has gradually 
increased; it was 30 to 40 years during the pre-antibiotic era and 47 to 69 years more 
recently (Mylonakis and Calderwood, 2001). Men are reported to be more often 

affected than women (in a ratio of 2:1) (Benyon et al., 2006).  



8  

  

1.2.2 Human Immunodeficiency Virus  

Sub-Saharan Africa with the South African population currently has the largest 
prevalence of HIV/AIDS in the world. The region has almost a third of the world’s 
HIV positive population with less than 2% of the global population. The HIV 
prevalence dramatically increased during the 1990’s with epidemiological studies 
showing increases from <1% to 24.5% between the start and end of the decade (Barron 

et al., 2013).   
  

The local government response was very slow and indecisive which aided in the 
increase. From the early 2000’s government changed their stance regarding HIV, 
which has led to a multitude of campaigns to affect change. These campaigns have 
made major strides in curbing increases in HIV prevalence, but the percentages are 
not declining. In 2016 government adopted the UNAIDS 90-90-90 strategy which 
aims to have 90% of patients with HIV diagnosed and on combination antiretroviral 
treatment with a nighty percent viral suppression (UNAIDS, 2016a).  
  

Combination antiretroviral therapy is of critical importance and without it, patients 
experience increased CD4+ T cell loss combined with immunological abnormalities, 
which can result in increased susceptibility to opportunistic infections. Combination 
therapy has been pivotal in reducing HIV viral load, allowing the increase of CD4+ T 
cells and reducing the risk of developing AIDS (Deeks et al., 2015). These patients 
however still present a higher-than-normal risk of developing bloodstream infections 
and IE (Taramasso et al., 2016).  
  

The relationship and implications of patients having HIV and developing IE are not 
yet clear. Due to the HIV infection and the susceptibility to secondary infections, one 
would expect IE to be more prevalent in HIV positive patients, but it is not considered 
a complication of HIV/AIDS. It is almost limited exclusively to HIV patients who are 
IV drug users in the western societies (Currie et al., 1995; Yunis & Stone 1998). 
Outcomes observed in patients with active systematic disease was poor, especially 
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with extreme immune suppression (CD4 count < 200 cells/mL) (Pulvirenti et al., 
1996). HIV infection on its own therefor does not seem to predispose patients to more 
severe outcomes of IE or a risk factor despite the immune suppression observed 
(Currie, 1995).  
  

1.2.3 Rheumatic Heart Disease  

A large spectrum of heart diseases may predispose the onset of infective endocarditis.  
Rheumatic valve disease, particularly mitral and aortic valve steno-incompetence, 
has been considered for years as the major risk factor. In the 1970s, rheumatic valve 
disease was the predisposing lesion for infective endocarditis, accounting for 20% to 
25% of cases, whereas in the 1980s, it dropped to 7–10%.  Although the frequency of 
rheumatic valve disease has diminished in Europe and North America, it is still 
endemic in Third World countries where it represents by far the leading predisposing 
factor for infective endocarditis, especially in children (Table 1.1) (Thiene and Basso, 
2006).    
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Table 1.1.  Studies on the prevalence of rheumatic heart disease in Africa (reproduced  

from Nkomo, 2007).  
PREVALENCE OF RHEUMATIC HEART DISEASE IN AFRICA  

Country (city)  
Year of 
study  

Number 
screened  Age (years)  

Prevalence (per  
100 population)  Echo  

Algeria (Setif)   1990  11228  6 - 19  2  ? No  

Algeria (Oran)   1990  15430  6 - 19  1.94  ? No  

Egypt (Cairo)   1986  60022  6 - 15  1.5  ? No  

Cameroon (Yaounde)   1988-9  -  6 - 19  2.1  No  

Congo (Brazzaville)   1996  2153  5 - 16  1.4  Yes  

DR Congo (Kinshasa -  
Kinsenso ans Sanga  
Mamba)  1996  4848  5 - 16  14  Yes  

Ethiopia (Butajira)   1992  3235  13.4 (3.5)  4.6  ? Yes  

Ethiopia (Addis Ababa)  1999  9388  
13 – 15  

(7.1 los SES,  
1.0 high SES)  6.4  Yes  

Ivory coast (4 areas)   1977-8  20013  6 - 22  1.45  No  

Kenya (Kakamega)   1985  3631  5 -15  1.7  No  

Kenya (Nairobi)   1994  1115  5 -15  2.7  Yes  

Mali (Bamako)   1986  14351  5 -15  2.9  ? Yes  

Nigeria (Lagos)   1978  12755  6 -12  3  No  

Republic of Guinea  
(Conakry)   

1992  27110  6 -25  3.9  Yes  

South Africa (Soweto)  1972  12050  2 -18  
6.9  

(peak 19.2 in the age 
group 15-18 years)  No  

South Africa (lnanda)   1984  4408  4 -18  1  No  

Sudan (Safaha Town)   1986- 
1989  13332  5 -15  3  Yes  

Zambia (Lusaka)   1986  5200  5 -15  14.6  
Yes in 
subset  

Zambia (Lusaka)   1987  11 944  5 -16  12.5  Yes in 25%  
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The incidence of RHD worldwide has declined over the last years, yet it remains 

endemic in overcrowded areas where basic health care facilities are unreachable 

(Okello et al., 2012). In the South African populations, recent study by (Koshy et al., 
2018) reported 80 % of infective endocarditis patients had RHD as a predisposing 

heart pathology, indicating a significant part of the South African population at risk 

of developing IE. Rheumatic heart disease is a one of few, if not only the preventable 

acquired heart disease affecting poor and middle-income countries that can lead to 

high morbidity and mortality, attention to early recognition and management is 

crucial to prevent the risk of developing a more serious and deadly disease namely 

infective endocarditis (Peters et al., 2019).  
 

1.2.4 Other conditions associated with infective endocarditis 

Other conditions associated with an increased incidence of infective endocarditis 
include poor dental hygiene, long-term hemodialysis, and diabetes mellitus. 
(Mylonakis and Calderwood, 2001). The presence of diabetes mellitus (DM) has been 
associated with even worse outcomes in patients with IE. The prevalence of DM 
among IE-patients is around 17%, recently found that the duration and complications 
of diabetes mellitus are an independent risk for IE. There was a stepwise increase in 
the associated risk of IE with increasing duration of DM – an effect independent of 
age and there was an increase in the associated risk of IE with increased severity and 

number of diabetic late-stage complications (Østergaard et al., 2019).  
  
 Infection with human immunodeficiency virus (HIV) may independently increase the 

risk of infective endocarditis. In the developed world patients infected with HIV, 

infective endocarditis is usually associated with injection-drug use or long-term 

indwelling intravenous catheters (Mylonakis and Calderwood, 2001).  
  

Transcatheter interventions are becoming more and more used in the recent era, with 
technology improvement, old frail patients who were not considered operable for 
aortic valve surgery are now TAVR candidates, with more cardiac interventions for 
other comorbid conditions, this will eventually lead to more risk of developing 
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bacteraemia and IE. This specific cohort represents a serious challenge for 

management of TAVR related endocarditis (Regueiro et al., 2016). The incidence of 

IE post TAVR was 1.1% per person- year, within the 1st six month of their procedure, 
and an in-hospital mortality and 1-year mortality ranging between 47%-75% 
respectively. These extremely high figures raise the importance of developing more 
better and effective policies of prevention and better valve characteristics, in opposed 
to treating this subgroup of patient that were deemed very high risk for surgery before 
the initial procedure (Cahill et al.,  2017).  

 

1.3 Microbiology  

The number of organisms involved with infective endocarditis are evolving with more 
uncommon species namely the HACEK group were cultured (Mauri et al., 2001). To 
date gram + bacteria represent the most cultured organisms, more recently studies 
showed Staphylococcus aureus is more dominant than Streptococcus viridans 
(Mylonakis and Calderwood, 2001). A change in the patient profile from being 
younger age with structural heart disease to older frail patients with more health 
care-associated endocarditis has been described in the developed world (Selton-Suty 
et al., 2012).   
  

1.3.1 Culture-negative infective endocarditis  

Culture-negative infective endocarditis is not uncommon, and it can be as high as 
31% of the total IE cases, giving a diagnostic and therapeutic challenge, the most 
obvious explanation to this phenomenon is the administration of antibiotics prior to 
obtain the blood cultures. Specific serological testing with specialized media is needed 
to isolate such organisms, that consumes time because of the slow growth reported 
(Raoult et al., 2005).   
  

It has been shown that long-term pre-operative antimicrobial treatment had a 
negative impact on microbiological tests done on resected endocardial material. After 
2 weeks of therapy, all valve cultures were negative, but PCR was positive in half of 
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the cases. PCR aided in diagnostic work-up, especially in blood culture-negative cases 

(Halavaara et al., 2019).  
  

1.4 Pathophysiology  

Numerous processes and steps are involved that allow a microorganism to migrate to 
the heart valves, replicate and form large vegetations.  The majority of infective 

endocarditis (IE) occurs in the setting of predisposing cardiac disease (Mauri et al., 
2001).    
  

The pathophysiological picture of infective endocarditis is demonstrated by several 
mechanisms:  
  

• Direct extension of infection which can lead to severe valvular dysfunction  
(valvular regurgitation being the most common manifestation),  

• Embolization causing distal infarction or infection,  

• Hematogenous seeding of distant organs may create abscesses, and  

• Immune complex deposition producing organ dysfunction such as 
glomerulonephritis and arthritis (Mauri et al., 2001).    

  
 

The adherence of the bacteria to the damaged endothelial surface takes place in two 
possible mechanisms (figure 1.1).  
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Figure 1.1.  Bacterial valve colonization (reproduced from Prendergast, 2005).  
  

1.4.1 Colonization of damaged epithelium  

Stromal cells that are exposed, in conjunction with extracellular matrix proteins lead 
to the forming of fibrin-platelet clots that can bind to the streptococci. The clots can 
attract monocytes that produce tissue factor activity (TFA) and cytokine which lead 
to the activation of coagulation cascades. The cascades lead to the attraction and 
activation of blood platelets, which induce integrin, cytokine and TFA from 
endothelial cells, which promote vegetative growth (Prendergast, 2005).   
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1.4.2 Colonization of inflamed valve tissues  

Localized inflammation causes the endothelial cells to express integrin’s which bind 
plasma fibrinonectin on to which the microorganisms can bind, which result in then 
their internalization into the endothelial cells. This leads the cells to trigger 
inflammation and coagulation, which all promotes vegetative growth. The cells are 
eventually lysed by the secretion of hemolysins that are membrane active proteins 
(Prendergast, 2005).  
  

1.5 Clinical manifestations  

Infective endocarditis can frequently present as to intra or extracardiac 
manifestations according to the virulence of the infection and timing of presentation. 
Most commonly, fever is observed, except for patients with severe heart, liver or 
chronic renal failure and patient who received antibiotic treatment, it might not be 
present.  Additional observed symptoms include malaise, weight loss and nightly 
sweats. High percentage of patients present clinically with a heart murmur, 
conjunctivitis or petechiae on the skin (Mylonakis and Calderwood, 2001).    
  

Classic textbook signs may still be seen in the developing world, although peripheral 
stigmata of infective endocarditis (Osler’s nodes, Janeway lesions) are increasingly 
uncommon elsewhere, as patients generally present at an early stage of the disease 

(Benyon et al., 2005).  
  

1.6 Diagnosis  

The combination of three important aspects (clinical observations, laboratory results 
and echocardiographic information are crucial for the diagnosis of infective 
endocarditis (Mylonakis and Calderwood, 2001).  In 1994, the Duke criteria for the 
diagnosis of infective endocarditis were proposed to increase the number of definite 

diagnoses (Mauri et al., 2001).  
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1.6.1 Duke criteria for the diagnosis of infective endocarditis  

The Duke criteria stratify patients with suspected infective endocarditis (IE) into 
three categories (Table 1.2):  

• Definite cases – identifies either clinically or pathologically (IE proved at 
surgery/autopsy),  

• Possible cases – not meeting the criteria for definite IE and  

• Rejected cases – no pathological evidence of IE at autopsy or surgery (Baddour 
et al., 2005).  

  

Table 1.2. Definition of infective endocarditis according to the modified Duke  

 criteria (reproduced from Bayer et al., 1998).  
Definite IE  

 
Pathological criteria  

• Microorganisms: demonstrated by culture or histology in a vegetation, in a vegetation 
that has embolized, or in an intracardiac abscess, or  

• Pathological lesions: vegetation or intracardiac abscess present, confirmed by histology 
showing active endocarditis.  

Clinical criteria, using specific definitions listed below. 
• 3 major criteria, or  
• 1 major and 3 minor criteria, or  
• 5 minor criteria  

Possible IE  
 

• Findings consistent with IE that fall short of "Definite" but not "Rejected."  
Rejected  

• Firm alternate diagnosis for manifestations of endocarditis, or  

• Resolution of manifestations of endocarditis with antibiotic therapy for 4 days, or  

• No pathological evidence of IE at surgery or autopsy, after antibiotic therapy for 4 days  
  

  

A diagnosis of IE is based on the presence of either major or minor clinical criteria.    

Clinically definite IE by the Duke Criteria requires the presence of two major criteria, 
one major criterion and three minor criteria, or five minor criteria (Table 1.3).  
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Table 1.3. Definition of the terms used in the modified Duke Criteria (Reproduced 
from Bayer et al., 1998).  

 

  
  

  

  
Definition of the terms used in the modified Duke Criteria   
Major criteria   
. Positive blood culture for IE 1   

A. Typical microorganism consistent with IE from 2 separate blood cultures as noted below:   
( i)  viridans streptococci, 1   Streptococcus bovis , or HACEK group, or   
ii) community ( - acquired  Staphylococcus aureus   or enterococci, in the absence of a  

primary focus, or   
B. Microorganisms consistent with IE from persistently positive blood cultures  defined as   

i)  (  positive cultures of blood samples drawn >12 hours apart or 2   
ii) all of 3 or a majority of  ( 4  separate cultures of blood (with first and last sample drawn  
1  hour apart )   

2 . Evidence of endocardial involvement   
A. Positive echocardiogram fo r IE defined as   

i) oscillating intracardiac mass on valve or supporting structures, in the path of  ( 
regurgitant jets, or on implanted material in the absence of an alternative anatomic  
explanation, or   
ii) abscess, or (   

( iii) new partial dehiscence of prosth etic valve, or   
B. New valvular regurgitation (worsening or changing of preexisting murmur not sufficient)   
Minor criteria   
1 . Predisposition: predisposing heart condition or intravenous drug use   
2 . Fever: temperature  38.0 °C   
3 . Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm,    
      intracranial hemorrhage, conjunctival hemorrhages, and Janeway lesions   
4 . Immunologic phenomena: glomerulonephritis, Osler's nodes, Roth spots, and rheumatoid    
      factor   
5 .  Microbiological evidence:   positive blood culture but does not meet a major criterion as noted   
       above 2   or serological evidence of active infection with organism consistent with IE   

.  6 Echocardiographic findings:   consistent with IE but do  not meet a major criterion as noted   
       above   
----------------------------------------------------------------------------------------------------------------------------- -------   
1   Includes nutritionally variant strains ( Abiotrophia   species).    
2   Excludes single positive cultures for coagulase - negative staphylococci and organisms that do  
not cause endocarditis.   
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1.6.2 Imaging   

 1.6.2.1  Echocardiography  

Echocardiography plays an important role in the diagnosis and management of 
infective endocarditis (Baddour et al., 2005).  The information that can be provided 
using echocardiogram facilitate the surgical decision making, such information 
including the size and mobility of the vegetations, structure and function of affected 
valve, and overall ventricular function (figure 1.2) (Mauri et al., 2001).    
  

 

Figure 1.2. Bacterial  valve colonization  [3D   

TEE en-face view of mitral valve demonstrating multiple vegetations (arrows)] 

(reproduced from Prendergast, 2005).  
  

Echocardiography is not an appropriate screening test in the evaluation of patients 
with fever or a positive blood culture that is unlikely to reflect IE. Nevertheless, some 
form of echocardiography should be performed in all patients suspected of having IE 
(Prendergast, 2005).   
  

Transesophageal echocardiography (TEE) is safe in experienced hands and has a 
sensitivity for the detection of vegetations in IE (figure 1.3). TEE images benefit from 
higher ultrasonic frequencies, which improve spatial resolution and the elimination 
of interference from interposed tissues. TEE has a substantially higher sensitivity 
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(76% to 100%) and specificity (94%) than TTE for perivalvular extension of infection 
because the TEE transducer in the esophagus is in physical proximity to the aortic 
root and basal septum, where most such complications occur (Bayer et al., 1998).  
  

 

Figure 1.3. An approach to the diagnostic use of echocardiography (echo). *High-risk  
echocardiographic features include large and/or mobile vegetations, valvular insufficiency, a suggestion of 
perivalvular extension, or secondary ventricular dysfunction.  For example, a patient with fever and a 
previously known heart murmur and no other stigmata of IE. +High initial patient risks include prosthetic 
heart valves, many congenital heart diseases, previous endocarditis, new murmur, heart failure, or other 
stigmata of endocarditis. Rx indicates antibiotic treatment for endocarditis (Adapted from Bayer et al., 
1998).  

  

 1.6.2.2  Multi-slice computed tomography (MSCT)  

The use of CT coronary angiography is shown to be safe and good alternative 
technique for evaluation of coronary arteries if needed in the settings of acute aortic 
valve endocarditis where risk of embolization is high with conventional coronary 

angiography (Hekimian et al., 2010). MSCT is helpful in evaluating the extent of 

infection and abscess formation around the aortic valve and aortic root. It has been 

shown that the accuracy is as good as TOE (Feuchtner et al., 2009). CT scan with 

  



20  

  

contrast can be used as an acceptable alternative to MRI in evaluating intracranial 

bleeds and infarcts in critically ill patients with IE (Goddard et al., 2005).  
  

 1.6.2.3  Magnetic Resonance Imaging  

In acute infective endocarditis, MRI demonstrated a frequent intracerebral lesion in 
up to 80% of patients irrespective of their neurological symptoms. (Snygg-Martin et  
al., 2008). Cerebral MRI also aids in the diagnosis of IE as it adds an extra criterion 
to the Duke’s criteria for patients who were asymptomatic but positive cerebral 
finding (Li et al., 2000).  

  
 1.6.2.4  Nuclear Imaging  

Radiolabelled White blood cells SPECT/CT and FDG PET/CT usage to aid the 
diagnosis of IE in the category of possible IE by Duke’s criteria has shown good 
results, 18F-FDG PET/CT also reported useful tool to detect extra cardiac metastatic 

infectious emboli (Bonfiglioli et al., 2013). In prosthetic valve dysfunction FDG 
PET/CT is capable of distinguishing infective etiologies from others and adds a novel 

criterion in diagnosing prosthetic valve endocarditis (Saby et al., 2013).  
  

1.7 Treatment  

The optimal management of infective endocarditis (IE) relies on a close collaboration 
between a broad range of medical specialties Known as the ‘Endocarditis Team’ that 
includes cardiology, cardiac surgery, anesthesiology, infectious diseases, internal 
medicine, neurology, intensive care, microbiology, and radiology. This is a class IIa 
indication level of evidence B according to the 2015 ESC guidelines in the 
management of complicated IE (Habib et al., 2015).  
  

1.7.1 Prophylaxis  

Treatment starts with prevention that includes general measures for all population 
(dental and skin hygiene, avoidance of tattooing and piercing, encouraging of using 

peripheral IV accesses over central catheters) and antibiotic prophylaxis for high and 
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intermediate risk populations performing high risk procedures including dental, 
cardiac, and vascular interventions (Duval and Leport, 2008).  
  

High-risk population according to the 2015 ESC guidelines summarized as follows:  

1- Patients with intracardiac implants (valve prostheses or devices) had higher 
risk of developing IE and higher morbidity and mortality (Lalani et al., 2013).  

2- Patients with previous history of endocarditis, the chance of developing a 
second episode is higher with higher adverse outcomes (Chu et al., 2005).  

3- Patients with unattended cyanotic congenital heart disease (CHD) and 
operated CHD with prosthetic implants within the six months of surgery.  

(Baumgartner et al., 2010; Knirsch and Nadal, 2011).  
  

1.7.2 Medical therapy  

Medical treatment in the form of antimicrobial therapy to eradicate the causative 
organism using bactericidal regimens is the hallmark of managing this disease. With 
the surgical role in removing infected tissue and treating structural complications 

(Durack et al., 1974; Wilson et al., 1978).   

  

Bactericidal antibiotics with adequate therapeutic serum levels for a longer duration 

of treatment (4-6) weeks is necessary to eradicate dormant organisms, the duration 
of treatment differs between shorter as in sensitive bacteria and longer course of 

management for more resistant species (Prendergarst, 2006).    
  

1.7.3 Surgical management  

Early surgical intervention is important in the management of IE, however deciding 
when to intervene is more complicated. For patients with NYHA 3 and 4 heart failure, 
large vegetations possessing embolic risk and uncontrolled sepsis despite accurate 
type and dosing of antibiotics urgent surgical intervention is recommended. The 
exception being patients who suffered cerebral infarction or more importantly 
intracerebral hemorrhage whose surgery should be delayed between two and four 
weeks. The patient risk and benefit analysis should be performed in an individual 
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manner to determine the urgency of surgical intervention. The decision to intervene 
should always be based on the benefits exceeding the operative risk involved (Kang, 
2015).  

  
 1.7.3.1  Surgery for heart failure  

One of the most severe and common complication of infective endocarditis is heart 
failure, and this represents the most frequent indication for early surgical 
intervention in both native and prosthetic valve endocarditis irrespective of age and 

stage of heart failure (cardiogenic shock)  (Habib et al., 2015).  
  

 1.7.3.2  Surgery for infection control  

Uncontrolled infection in the form of local extension of infection (abscesses, false 
aneurysm or enlarging vegetations), or PVE caused by virulent organisms (Staph 
infection and HACEK gram -ve species), persistent positive blood cultures despite 
adequate and accurate antimicrobial therapy, or fungi and multi-resistant organisms 

cultured, early surgery is indicated (Habib et al., 2015; Kang, 2015).  
  

 1.7.3.3  Surgery to prevent embolism.  

Systemic embolization is very common in EI. At presentation twenty to fifty percent 
of patients developed embolic phenomena, it falls down to 6-20 % after initiation of 
antibiotic therapy. The risk continues to be high for the 1st two weeks of treatment 

(Vilacosta et al., 2002), hence surgery must be performed in an urgent basis (within 

days) to prevent embolic events (Thuny et al., 2005).  
  

The decision to operate for emboli prevention is not as clear, it has to be individualized 
for each patient, the main indications for early operation are based on certain 
findings, more importantly the size and mobility of the vegetations, previous one or 
more embolic event, presence of other complications, and the duration of antibiotic 

therapy (Thuny et al., 2011).  
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The 2015 ESC guidelines recommend urgent surgical intervention for patients who 
has >1 cm vegetations on the mitral or aortic valves with previous one or more embolic 
events despite appropriate antibiotic therapy as well as for patients with severe valve 
dysfunction. Surgery can also be performed on patients with very large vegetation of 
>3cm, and for those who has an isolated vegetation of >1.5 cm surgery may be 

performed if the valves can be preserved (Thuny et al., 2005).  
  

Surgery for Infective endocarditis has a very high mortality even in experienced 
centers exceeding any valvular heart surgery (Thuny et al, 2012). The reported in 
hospital and one-year mortality according to multicenter study results were 15-20% 
and up to 40% respectively (Kang et al., 2012).  
  

1.8 Complications  

Complications related to IE are quite frequent, the number and rate of developing 
these complications differs between the studies, where 57 % of patients having one 
complication and 26% with two and about 14% with three or more complications 

(Mocchegiani et al., 2009). These complications can be either cardiac or extracardiac, 

where intracardiac is related to the direct spread of infections and extra cardiac can 

be related to embolic event or immune complex (Habib et al., 2015). The development 

of such complications also depends on the causative organisms, the time between 
developing the disease and the initiation of treatment and treatment modality (Cahill  

et al., 2017).  
  

1.8.1 Cardiac complications   

The most important cardiac complication of infective endocarditis is the development 
of heart failure, the presence of moderate to severe HF at presentation is the most 
significant predictor of in-hospital and late mortality (Nadji et al., 2009).  Heart 
failure usually develops from direct destruction of cardiac valves by the infection 
leading to acute or worsening preexisting regurgitation, and less commonly the 
development of fistula or obstruction of a valve due to a large vegetation (Anguera et 

al., 2005).  
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1.8.2 Neurologic complications   

As described above embolic phenomena is very common, it affects the brain in 65% of 
cases with 20-40% of which develop neurological complications (Mylonakis and 
Calderwood, 2001). Stoke is proven to be an independent worse prognostic factor for 

IE patients (Thuny et al., 2007). The majority of reported cerebrovascular accidents 
were mainly ischemic; the presence of hemorrhagic stroke poses a great challenge in 
management of this subgroup in terms of early surgical interventions. Surgery should 
be delayed to >4 weeks (Yoshioka et al., 2012).  
  

1.8.3 Systemic emboli and splenic abscess   

Systemic embolization is a frequent complication of left sided endocarditis, where 
majority happens before admissions (Hubert et al., 2013). The brain and spleen being 
the most common sites. Splenic infarcts are usually asymptomatic, persistent fever 
and bacteremia raises the possibility of splenic abscesses, and further work up is 
needed (abdominal sonar, CT, or MRI) for diagnosis (Bonfiglioli et al., 2013). Surgery 
is rarely indicated for splenic infarction but should be considered in case of rupture 
or large abscesses refractory to antibiotics (Akhyari et al., 2012).  
  

1.8.4 Prolonged fever   

Normally fever subsides 2 to 3 days of initiation of antibiotics in non-virulent 
infections. Fever that lasts more than 2 weeks is considered prolonged and should 
raise the possibility of more serious complication as in local extension of infection to 
the paravalvular areas and myocardium forming abscesses. It can also occur due to 
septic emboli forming remote abscesses, one should also consider drug reactions 
especially if recurrent fever after resolving (Mylonakis and Calderwood, 2001).    
  

1.9 Survival   

Despite advances in medical knowledge, technology and antimicrobial therapy, 
infective endocarditis (IE) is still associated with devastating outcomes. Irrespective 
of the follow-up period, a significantly higher mortality rate was reported in IE 
patients, and the burden of IE-related complications was immense. The overall pooled 
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mortality estimates for IE patients who underwent short- and long-term follow-up 

were 20% and 37% respectively (Abegaz et al., 2017).  
  

Even after successful treatment of an episode of infective endocarditis, long-term 
mortality and morbidity remain high. Factors predictive of long-term mortality are 
age > 55 years, congestive heart failure, and the initial presence of a few symptoms 
of endocarditis. Moreover, early valve replacement has the potential to improve long-

term survival in a wide range of patients with infective endocarditis (Netzer et al., 
2002).  
  

According to the 2015 ESC Guidelines for the management of infective endocarditis, 
prognosis was influenced by 4 important factors categorized as follows:  
  

1) Patient’s characteristics:  

a. Old age  
b. DM  
c. PVE  
d. Comorbidities (frailty, immunosuppression).   

2) Clinical complications of IE:  

a. HF  
b. RF  
c. Hemorrhagic stroke   
d. Septic shock.  

  
3) Causative microorganism:  

a. Staph. aureus  
b. Fungi  
c. Non-HACEK Gram-negative bacilli  

  
4) Echocardiographic findings   

a. Periannular complications  
b. Severe left-sided valve regurgitation  
c. Poor LVEF  
d. PAH  
e. Large vegetations  
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f. Severe prosthetic valve dysfunction  
g. Premature mitral valve closure and other signs of elevated diastolic 

pressures.  
  
To summarize, assessing prognosis can be easily established for all patients admitted 
with IE by using their clinical, microbiological and echo data to aid in decision making 
with regards to the initial management plan for better outcomes (Habib et al., 2015). 
Patients who present with heart failure and complicated peri-annular endocarditis 
and/ or culture positive for S. aureus represents a highest mortality and early 

surgical treatment is required (San et al., 2007). The worst outcome reported was 
amongst those patients who needed surgery but could not receive it due to the 
prohibited risk for surgical intervention (Mirabel et al., 2014).  

  

 1.10  Study rationale  

Infective endocarditis (IE) remains an evolving disease with persistently high 

mortality and morbidity (Prendergast, 2006).  The incidence of infective endocarditis 

has not declined over the last 30 years, and now with more health care interventions, 

such as pacer/defibrillators, and an increasingly elderly population with degenerative 

valvular heart disease, the number susceptible to endocarditis is increasing. Given 

the weak evidence for endocarditis prophylaxis, there remains a large population at 

risk (Bashore et al., 2006).  
  

While the incidence of rheumatic valve heart disease has dropped significantly in the 
western and developed nations, yet still endemic in the developing countries, and 
accounts as the major risk factor for developing infective endocarditis (Thiene and 
Basso, 2006). Sub-Saharan Africa with the South African population currently has 
the largest prevalence of HIV/AIDS in the world. Combination therapy has been 
pivotal in reducing HIV viral load, allowing the increase of CD4+ T cells and reducing 
the risk of developing AIDS (Deeks et al., 2015). These patients however still present 
a higher-than normal risk of developing bloodstream infections and IE (Taramasso et 
al., 2016).  
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The relationship and implications of patients having HIV and developing IE are not 
yet clear. Due to the HIV infection and the susceptibility to secondary infections, one 
would expect IE to be more prevalent in HIV positive patients, but it is not considered 
a complication of HIV/AIDS. It is almost limited exclusively to HIV patients who are 
IV drug users in the western societies (Currie et al., 1995; Yunis and Stone 1998).   
  

Outcomes observed in patients with active systematic disease was poor, especially 

with extreme immune suppression (CD4 count < 200 cells/mL) (Pulvirenti. et al., 
1996). HIV infection on its own therefor does not seem to predispose patients to more 
severe outcomes of IE or a risk factor except in patients with severe 
immunosuppression (Currie et al., 1995).  

  

In recent studies in South Africa, clinical features, and natural history of infective 

endocarditis within the context of HIV and HAART have not been extensively studied 

and relied largely on, uncontrolled, studies reporting from different areas of the 

country. The need for well-structured, well-designed trials representing the current 

disease patterns is of high importance (Naidoo and Shien 2009; Koegelenberg et al., 

2003; Koshy et al., 2018). 

  
 

 1.11  Aim  

  

The aim of the study was to compare the outcomes between HIV positive and HIV 
negative surgical patients with infective endocarditis in central South Africa in the 
current era.  
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 1.12  Objectives  

  

• Identify adult patients with infective endocarditis according to the modified 
Duke’s criteria in patients that received heart valve surgeries between 2009-
2019 from the departmental database.  

• Determine underlining pathologies and risks for endocarditis.  

• Risk stratifications (Euro score II) and comorbidities.  

• Type of surgical interventions, outcomes, and complications.   

• Comparison of outcome and survival between the HIV positive and negative 
groups.  
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1. Abstract:  

  
Introduction   
The impact of the HIV status of infective endocarditis patients undergoing valve surgery in South 
Africa has been poorly described during the HIV pandemic. The aim of this study was to compare 
the preoperative risk factors and surgical outcomes between HIV positive and negative patients 
undergoing valvular surgery for infective endocarditis in central South Africa.  
  
Objectives: To determine the demographics, clinical presentation, risk factors, indication for 
surgery, microorganisms, and surgical outcomes of HIV positive versus HIV negative patients 
presenting with Infective endocarditis.  
  
Methods: retrospective, analytical cohort study that reviewed the records of adult patients who 
were tested for HIV and treated surgically for infective endocarditis between 2009 to 2019.  
  
Results: From the141 IE patients, 105 patients were tested for HIV, 31% (n=33) tested positive 
the mean age for both groups was comparable 38.87 versus 39.51 years. Eighty-eight percent 
(n=29) of positive patients were on anti-retroviral therapy. In both groups, there was a male 
preponderance, 55% and 56% respectively. The majority of HIV positive (91%) and negative 
patients (71%) were of African descent, more than 50% of both groups presented with NYHA 
III&IV, both groups had a medium-high risk of developing IE (HIV (+) 72%; HIV (-) 62%). 
Prevention of embolization was the main indication for surgery in HIV(+) group and heart failure 
in the negative group, In both groups a greater proportion of patients had left sided native valve 
endocarditis 95% and RHD was predominantly the underlying pathology 60%, requiring  
mechanical  prostheses mainly in the mitral 46% and aortic 33% position. Right sided endocarditis 
represents <5% and only 2 out 105 patients confirmed IVDA’s, Staphylococcus and Streptococcus 
dominated cultured organisms with staphylococcus species being more frequent, culture negative 
endocarditis remains high in both groups, with 47% HIV (-) group vs 33%. Morbidity was limited 
in both groups 12% vs 11% with no major difference. The late mortality was higher in the HIV (+) 
group (27% vs 19%); however, the in-hospital mortality was higher in the HIV (-) group (17% vs 
12%).  
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Conclusions:  
Patients with HIV infection on antiretroviral therapy showed minimal to no impact on perioperative 
morbidity and mortality in patients undergoing surgery for left sided infective endocarditis. The 
main risk factor in this cohort was rheumatic valvular heart disease, which is a preventable 
condition. However, untreated HIV infection with low CD4 counts had significant high 
perioperative and late mortality. This shows the importance of the HAART program. The high 
prevalence of culture negative endocarditis warrants further investigation. Given the low number 
of patients in this cohort study, further prospective studies needs to be conducted to confirm our 
findings. 
   
Keywords: Infective Endocarditis; Cardiac surgery; Human immunodeficiency virus 
Etiology; Epidemiology, microorganisms, and outcomes.  
  

2. Abbreviations:  
ART  Anti-Retroviral Therapy   

IE  Infective endocarditis  

IQR   Inter quartile range  

IVDA  Intravenous drug abuse  

DM  Diabetes mellitus  

HIV  Human Immunodeficiency virus  

HAART  Highly active antiretroviral therapy  

NHLS  National Health Laboratory Service  

NYHA  New York Heart Association   

HACEK  Haemophilus sp., Actinobacillus, actinomycetemcomitans, 
Cardiobacterium, Eikenella, Kingella  

PCR  Polymerase chain reaction  

TFA  Tissue factor activity  

3D  Three-dimensional  

TEE  Transoesophageal echocardiography  

TIA  Transilient Ischemic Attach   

SD  Standard Deviation   
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2.1 Introduction  

Infective endocarditis (IE) is an uncommon but progressively changing disease that poses 
high mortality and morbidity1.  Major changes and challenges have been witnessed in the 
epidemiology, bacteriology, and clinical presentation of infective endocarditis as well as 
major advances in the diagnosis and management of this clinical disease 2,3.    

In North America and western European countries, the incidence of community-acquired 

native-valve endocarditis ranges from 3 to 10 cases per 100,000 2,4. In Africa and southern 
Africa, the incidence of infective endocarditis has not declined over the last 30 years, and 
now with more health care interventions, such as pacer/defibrillators, and an increasingly 
elderly population with degenerative valvular heart disease, the number susceptible to 
endocarditis is actually increasing 5. Given the weak evidence for endocarditis 
prophylaxis, there remains a large population at risk 6,7.  
  
In Western populations, in particular chronic rheumatic heart disease is now an 
uncommon antecedent. Degenerative valve disease in elderly people, intravenous drug 
misuse, preceding valve replacement, or vascular instrumentation have become 
increasingly frequent, coinciding with an increase in staphylococcal infections and those 
due to fastidious organisms 8. Although the prevalence of rheumatic valvular heart 
disease has diminished in the developed countries, it is still endemic in developing third 
word communities where it represents the main leading predisposing factor for IE 9.    

  
Infective endocarditis in Africa remains a disease of the young 10.  Rheumatic heart 
disease still is the main predisposing factor where modern investigations and 
management are the privilege of those living in better socioeconomic conditions 8,11. 
However, only a few large epidemiological studies have been performed in Africa and to 
date, knowledge of the clinical features and natural history of IE has relied largely on 
small, uncontrolled, outdated studies.  
  
HIV/AIDS is a major burden of disease and death around the world. This is especially 
prominent and important in sub-Saharan Africa 12. The global HIV-related death burden 
has decreased dramatically since 1996 when antiretroviral therapy (ART) was introduced 
13. The HIV epidemic had its greatest increase in prevalence during 1985 and 2000 in 
which it increased from +- 2.4 million to 28 million people 14.  
  
The distribution of infection is dramatically different in different parts of the world according 
to the Global Burden of Disease survey 2015. The high income developed countries such 
as USA and Germany accounted for 2.15% (833 030) and 0.16% (60 550) respectively 
of the globally infected population. In stark contrast sub-Sahara Africa accounted for 
75.87% (29.4 million) of which South Africa contributed around one third 21.67% (8.4 
million) of the HIV infected population 15.  
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Infective endocarditis becomes more challenging in patients with HIV due to several 
factors. It is more difficult to assess perioperative morbidity and mortality due to limited 
series published with large patient groups. Patient management is more difficult due to 
the increased presence of active endocarditis and reduced cd4 counts, which could lead 
to less predictable surgical intervention and patient care 16. The introduction of highly 
active antiretroviral therapy (HAART) in the current era led to the fact that HIV had no 
impact on patients with IE with regards to length of hospital stay or in-hospital mortality in 
comparison with HIV negative patients with similar risks and comorbidities 17.  
  
The socio-economic conditions in Africa with poverty and famine expose children and 
adults to conditions that are rarely seen in the developed world 18. Examples of such 
disease are rheumatic heart disease 19, endomyocardial fibrosis 20 and HIV-related 
cardiomyopathy 21. The clinical features and conditions of disease in South Africa makes 
the patient population completely different from that encountered in the developed nations 
5. It would therefore be beneficial to obtain a better understanding of the South African 
population to develop better patient management strategies.  
  
The primary aim of this retrospective study was to evaluate infective endocarditis in the 
HIV era in central South Africa, and the secondary aims were to determine the influence 
of HIV on infective endocarditis patients in regard to demographics, presentations, 
underlying pathologies, surgical outcomes, complications, and mortality.   

  

2.2 Patients and Methodology  

2.2.1 Design of study  

A retrospective analytical cohort study that reviewed the records of adult patients who 
were tested for HIV and surgically treated for IE between 2009 and 2019. The Department 
of Cardiothoracic Surgery at Universitas academic hospital is a tertiary 600-bed hospital 
in Bloemfontein. It is the only referral center offering a tertiary service for cardiac surgery 
in central South Africa serving a population of approximately 3 million people. Most of the 
population lives in poor socio-economic conditions and are of mixed or African descent. 
The normal surgical principles were followed for IE, which included proper debridement, 
replace/repair, and eradication of all infected material.  
  
The records of the patients were analyzed, and demographic, pre-operative, 
intraoperative and post-operative outcomes, and complications were recorded for each 
patient.  Mortality data were recorded in-hospital and mid-term. Mid-term mortality data 
were obtained from both hospitals' electronic records (Meditech), as well as the 
Department of Home Affairs.  
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Results were reported following the guidelines for reporting morbidity and mortality for 
cardiac valvular operations 22.  
  
Clinical data were collected from the department’s electronic database as well as patient 
records from the hospital archive and the National Health Laboratories Service (NHLS) 
online database.  
  
The diagnosis of infective endocarditis was made according to the 1994 Duke criteria 29.  
  
 
HIV infection  

HIV infection was established if a patient had two positive ELISA test or a positive ELISA 
test plus a positive Western blot test, or a pre-operative rapid test in the ward. HIV 
infection was classified according to the 1993 Centre for Disease Control (CDC) 
recommendations.  
 

Indications for surgery was recorded as uncontrolled sepsis, progressive heart failure and 
vegetations presenting as an oscillating intracardiac mass on the valve or supporting 
structures, in the path of regurgitant jets, or on implanted material in the absence of an 
alternative anatomic explanation on echocardiography.  
  
 

Timing of Surgery   

• Emergency surgery: lifesaving intervention during resuscitation within minutes of 
the decision to operate and performed in the next available operating theatre – 
“break-in” to existing lists if required.  

• Urgent surgery: Acute onset or deterioration of conditions that threaten life within 
hours of the decision to operate and normally once resuscitation completed, 
performed in the daytime “emergency” list or out-of-hours emergency theatre 
(including at night).  

• Elective surgery: is a surgical procedure planned or booked in advance of routine 
admission to a hospital performed in the elective theatre list booked & planned 
before or during the same admission.  
 

 
Mortality 

• In-hospital (operative) mortality is death within 30 days of operation regardless of 
the patient's geographic location. 

• Late mortality is death beyond 90 days after surgery.  
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Survival 
• Survival is calculated from the day of surgery in months till the date last seen, and 

for those who were lost to follow up, it’s the date  which the department of Home 
Affairs was contacted (31 January 2020) (figure 2.4). 
  

2.2.2 Statistics  

Statistical analyses were performed using GraphPad Prism version 9.0.0 (GraphPad 
Software, La Jolla, CA, USA, www.graphpad.com). Demographic and clinical data were 
compared between HIV positive and HIV negative groups using Mann-Whitney U test for 
continuous variables and chi-square or Fisher exact tests for categorical variables. 
Median and interquartile ranges were used for continuous variables, frequencies, and 
proportions for categorical variables. Significance was set as p < 0.05.  
 
A point-biserial correlation was used to measure the strength and direction of the 
association that exists between one continuous variable (EuroScore) and one 
dichotomous variable (mortality).  
  

Values for point-biserial range from -1.00 to 1.00.  Values of 0.15 or higher mean that the 
item is performing well.  Good items typically have a point-biserial exceeding 0.25. 
 

2.2.3 Ethical considerations  

This study was approved by the Health Sciences Research Ethics Committee of the 
University of the Free State (UFS-HSD2019/0630/2506).  
 

2.3 Results  

The HIV status were available for 105 patients out of 141 consecutive patients that 
presented with IE between 2009 and 2019 that were surgically treated.   
  

2.3.1 HIV infection and demographic data  

From the 105 IE patients tested for HIV, 31% (n=33) tested positive and 69% (n=72) 
tested negative.  The mean age for both groups was comparable 38.87 versus 39.51 
years. Eighty-eight percent (n=29) of positive patients were on ART. In both groups, there 
was a male preponderance, 55% and 56% respectively.  The majority of HIV positive 
(71%) and negative patients (91%) were of African descent (Table 2.1). The groups did 
not differ significantly regarding age and gender (p>0.05).  
   
 
 
 
 



43  

Table 2.1.  Demographics and prevalence.  
Variable  HIV (+) n=33  

33/105 (31%)  

HIV (-) 

n=72  

72/105 (69%)  

p-value  

Age (mean ± SD)  38.87 ± 10.2  39.51 ± 14.07  0.96  

Gender  

  Male  

  Female  

  

18 (54.5%) 
15 (45.5%)  

  

40 (56%) 
32 (44%)  

>0.99  

Race  

  African  

  Caucasian 

  Mixed race 

  

30 (91%)  

2 (6%) 
1 (3%)  

  

51 (71%)  

14 (19%)  

5 (7%)  

-  

  

2.3.2 Clinical data  

Based on the modified Dukes criteria 66% (n=69/105) of the patients presented with a 
definite diagnosis of IE and 34% (n=36/105) with a possible diagnosis of IE. In HIV 
positive group, the majority of patients had a CD4 count >200cells/uL, both groups 
presented with NYHA III/IV (51%) heart failure.   
  
Both groups had an intermediate-high risk of developing IE HIV (+) 72%, HIV (-) 86%. In 
the HIV (+) group, most patients received surgery to prevent embolization/extensive 
vegetation (72%) as the predominant indication for surgery and in the HIV (-) group 
predominantly due to heart failure (64%). A total of 73% of the HIV (+) group had one 
single indication for surgery and 27% who had more than one or two indications 
combined, same with HIV (-) 64% vs 36%. Most patients received emergency/ urgent 
surgery in both groups (64% vs 56%) and more patients in the HIV (-) group received a 
reoperation (22%). The median EuroSCORE II was higher in the HIV (-) group (6.78) 
compared to the HIV (+) group (3.97).  No statistical differences were calculated for any 
of the clinical variables between the two groups (Table 2.2).  
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Table 2.2  Clinical data HIV (+) versus HIV (-).  

Variable  

 HIV (+) n=33  
           33/10 

 HIV (-) 
n=72  

     72/105  

   

n (%)  Range  
Median 
(IQR)  n (%)  range   Median 

(IQR)  p-value  

IE diagnosis (Duke)        
Definite  23 (70%)      46 (64%)       

0.66  Possible  10 (30%)      26 (36%)       
CD4 cunts (cells/uL)        
CD4 C (<200) 
cells/uL  2 (6%)  114-125  

119.5 
(114125)           

CD4 C (>200) 
cells/uL  28 (85%)  226-1648  

497 (361.5 
734.3)           

CD4 C unknown  3 (9%)  -  -           
NYHA        
NYHA 1+2  16 (48%)  -  -  35 (49%)  -     

>0.99  NYHA 3+4  17 (52%)  -  -  37 (51%)  -     
Risk to develop IE        
High and medium  
risk  24(73%)      62 (86%)       

0.24  
Low risk  9 (27%)      10 (14%)       
Indication for surgery        
Heart failure  

16 (48%)      46 (64%)         0.1362  

Uncontrolled sepsis  
5 (15%)      15 (21%)       0.4913  

Embolism/Extensive 
vegetation  24 (72%)      45 (62%)  

   
  0.3054  

Single indication   
24 (73%)      46 (64%)       0.3725  

Multiple indications   
9 (27%)      26 (36%)       0.3725  

Vegetation (ECHO)        
Yes  27 (82%)      55 (76%)       

0.5323  No  6 (18%)      17 (24%)       
Operative priority        
Salvage/emergency/ 
Urgent  21 (64%)      40 (56%)       

0.4359  
Elective  12(36%)      32 (44%)       
Reoperation         
No  28 (85%)      56 (78%)       

0.4004  Yes  5 (15%)      16 (22%)       
EuroSCORE        

  -  
0.69 -  
74.14  

3.97 (2.05 –  
14.4)  -  

0.56- 
49.89  

 6.78 (3.75 
– 16)  0.21  
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2.3.3 Surgical interventions  

More than 60% of patients had Rheumatic Heart Disease (RHD) requiring mechanical 
aortic and mitral valves prostheses because of their young age. In both HIV positive and 
negative groups, a greater proportion of patients had native valve pathologies (Table 2.3a, 
Figure 2.1.)   
 

Table 2.3a: Primary valve pathology in HIV (+) and HIV (-) patients.  
Valve Pathology     

  

  

Variable  

HIV(+)  

               n=33  

               33/105 

HIV(-)  

                n=72  

                72/105  

  

n (%)  n (%)  p-value  

RHD  21 (64%)  42 (58%)  0.6066  
NRHD  12 (36%)  30 (42%)  
NATIVE VALVE                32 (97%)               62 (86%)  0.1667 (F)  
PROSTHESIS                1 (3%)  10 (14%)  
Left side endocarditis     30 (91%)  70 (97%)    
Right side endocarditis  3 (9%)               2 (3%)    

 

 

 

 
Figure 2.1. Valve pathology in HIV positive and HIV negative patients.   

RHD = Rheumatic heart disease, NRDH = Non-rheumatic heart disease.  
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The vast majority of patient had left sided endocarditis in contrast to right side, the latter 

only represent n=3 (9%) and n=2 (2.7%) in HIV positive and negative, respectively, and 

only two patients reported drug abuse (Table 2.3b).  
 

 

Table 2.3b. Types of surgical interventions for HIV (+) and HIV (-) patients.  

Variable  n; (%)  Replace 
mechanical  

Replace 
Biological  

Replace 
Homograft  Valvuloplasty  Ross  Debridement  

HIV (+) n=33   
(n; %)  

  
 

Aortic  
Mitral  

Tricuspid  
Pulmonary  

  
  

   
20 (61%)  
10 (30%)  
23 (70%)  
32 (97%)  

  
  
  

11 (33%)  
16 (48%)  

0  
0  

  
  
  

0  
2 (6%)  
2 (6%)  

0  

  
  
   

1 (3%)  
0  
0  

1 (3%)  

  
  
  

1(3%) 
2 (6%)  

7 (21%)  
0  

  
  
  

0  
0  
0  
0  

  
  
  

0  
3(9%)  
1 (3%)  

0  
HIV (-) n=72   

(n; %)  
  
 

Aortic  
Mitral  

Tricuspid  
Pulmonary  

  
  

  
40 (56%)  
26 (36%)  
56 (78%)  
66 (92%  

  
  
   

24 (33%)  
33 (46%)  

0  
0  

  
  
   

3 (4%)  
2 (3%)  
1 (1%)  
1 (1%)  

  
  
  

2 (3%)  
0  
0  

4 (6%)  

  
  
  

1(1%) 
10 (14%)  
14 (19%)  

0  

  
  
   

1 
(1%)  

0  
0  

  
  
   

0  
1 (1%)  
1 (1%)  
1 (1%)  

 

 

2.3.4 Microbiology  

In both groups, staphylococcus and streptococcus dominated cultured organisms with 

staphylococcus species being more frequent.  In the HIV (+) group 66% of the patients 

were culture positive compared to the 52% in the HIV (-) group meaning more patients in 

the HIV (-) group had a culture negative endocarditis. 

  
 

Enterococcus faecium is more prevalent in HIV (+) group (14% vs 2%) (Table 2.4).  
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Table 2.4. Microorganisms cultured in HIV (+) and HIV (-) groups.  

Variable  
HIV (+) n=33 

(n; %)  
HIV (-) n=72 

(n; %)  p-value  

Culture negative  11 (33%)  34 (47%)    
0.1819  

   
Culture positive  22 (66%)  38 (52%)   
Organisms     

Staphylococcus  7 (32%)  13(34%)  *  

Streptococcus  2 (9%)  11 (29%)  *  

E coli  0 (0%)  2 (5%)  *  
Pseudomonas aeruginosa  2 (9%)  2 (5%)  *  

Klebsiella pneumoniae  0 (0%)  2 (5%)  *  

Acinetobacter baumannii  2 (9%)  0 (0%)  *  

Micrococcus species (MCCSP)  1 (4%)  0 (0%)  *  
Aerococcus viridans  0 (0%)  1 (2%)  *  

Klebsiella terrigena  1 (4%)  0 (0%)  *  
Enterococcus faecium  3 (14%)  1 (2%)  *  

Bacillus cereus  2 (9%)  1 (2%)  *  
Klebsiella oxytoca  1 (4%)  0 (0%)  *  

Candida parapsilosis  1 (4%)  0 (0%)  *  
Gemella haemolysis  1 (4%)  0 (0%)  *  
Bartonella quintana  0 (0%)  2 (5%)  *  

[*numbers too small to calculate p-values].  

  

2.3.5 Post-operative complications and outcomes  

The number of complications in both groups was limited (HIV (+) 12% vs HIV (-) 11%).   

The HIV (+) patients presented with more septic emboli to the limbs (6% vs 1%), 

septicemia (21% vs 10%) and post-op stroke (15% vs 3%) than the HIV (-) group.  
  

The in-hospital mortality was higher in the HIV (-) group (17% vs 12%), however midterm 

mortality was higher in the HIV (+) group (27% vs 19%).  
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Table 2.5. Post-operative complications and outcomes of HIV (+) and HIV (-) groups.  
Variable HIV (+) 

n=33 (n; %) 
HIV (-) 

n=72 (n; %) 
p-value 

Operative complications 
Re-op for bleeding or tamponade 
Re-op for valvular graft dysfunction 
Re-op for other non-cardiac reasons 

 
3 (9%) 
1 (3%) 
0 (0%) 

 
5 (7%) 
0 (0%) 
2 (3%) 

 

Infection 
Sternum deep 
Leg, Arm 
Septicaemia 

 
1 (3%) 
2 (6%) 
7 (21%) 

 
5 (7%) 
1 (1%) 
7 (10%) 

 
 

0.1589 

Neurological 
Post-op stroke 
TIA 
Coma > 24 hours 
Paralysis 

 
5 (15%) 
0 (0%) 
1 (3%) 
1 (3%) 

 
2 (3%) 
1 (1%) 
1 (1%) 
2 (3%) 

 
 

0.0629 

Pulmonary 
Prolonged ventilation 
Pneumonia 

 
1 (3%) 
2 (6%) 

 
6 (8%) 
3 (4%) 

 
0.7505 (F) 

Renal failure 
Dialysis yes 
Dialysis no 

 
4 (12%) 
3 (9%) 

 
8 (11%) 
5 (7%) 

 
0.7022 

Vascular 
Acute limb ischemia 

 
0 (0%) 

 
2 (3%) 

 
>0.9999 (F) 

Other 
Heart block 
Cardiac arrest 
Anticoagulant event 
Tamponade 
Gastro-intestinal event 
Multi-system failure 
Other 

 
1 (3%) 
1 (3%) 
0 (0%) 
0 (0%) 
0 (0%) 
3 (9%) 
3 (9%) 

 
4 (6%) 
1 (1%) 
1 (1%) 
0 (0%) 
1 (1%) 
5 (4%) 
2 (3%) 

 
 
 
 

0.5749 

Mortality 
Overall mortality 
In-hospital mortality 
Late mortality  

 
13 (39%) 
4 (12%) 
9 (27%) 

 
26 (36%) 
12 (17%) 
14 (19%) 

 
0.7465 

0.7709 (F) 
0.4367 
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 2.3.6  Correlation between EuroSCORE II and Mortality.  

The point-biserial correlation between the EuroScore II and Mortality was calculated as 

0.0300.  The value indicates that there is little to no correlation between EuroSCORE II 

and operative mortality (figure 2.2).   
  

 

Figure 2.2. Correlation between EuroSCORE II and operative mortality.  
  
  

 2.3.7 Mortality and CD4 count   

There was a significant difference (p =0.0018, 95 % CI -533.0 to – 155.0) between the 

CD4 count of operative survivals compared to those who died peri-operatively (figure 2.3).  

The CD4 count for in-hospital mortality [median (range) 175.5 (114 -467)] was significantly 

lower than for long-term mortality [median (range) 476 (355 -1000)]. Patients who were 

immune compromised with a CD4 counts less than 200 cell/uL had a 100% in-hospital 

mortality, but because of the low numbers (no=2) statistical significance cannot be 

derived.  
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Figure 2.3. Difference in the CD4 count in HIV patients for in-hospital and long-term 

mortality **p < 0.01.  
 

 2.3.8 Survival  

The survival of the HIV negative patients was higher (median 69.5 months, minimum 10 

months, and maximum 130 months) than the HIV positive patients (median 50.5 months, 

minimum 9 months, and maximum 102 months), however, this difference was not 

significant (p = 0.092, 95 %CI = -34.00 to 2.00).  
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Figure 2.4. Survival of HIV positive patients and HIV negative patients. Significance set 

as p< 0.05.  

 

2.4 Discussion  

  
This study is one of the largest series in South Africa, with the largest cohort of known 
HIV status, the incidence of HIV in this cohort is 31%, which is higher compared to 14% 
prevalence in the Free State population according to the South African statistics during 
the same period 23.   
  
In the 1st world setting, infective endocarditis in HIV infected patients is known to be almost 
exclusively in IVDAs and right-side endocarditis being commoner than the left side. In our 
population where rheumatic heart disease is still prevalent and represents more than 60% 
of the predisposing risk factors, together with the high prevalence of HIV infection makes 
left sided endocarditis in this group more common than right side. Rheumatic heart 
disease is a preventable disease at a primary health care level, if we can address it 
promptly, we can prevent up to 60% of cases. 
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The right sided disease was reported in less than 5% of the total cohort compared to 14% 
in a similar cohort, 24 IVDA’s is relatively uncommon and only 2 cases (2%) were reported 
in this study.  
 
The availability HAART therapy led to increase life expectancy of HIV infected patients 17. 
In our series 88% of HIV positive patients were on HAART, with a median CD4 count of 
497 cell/Ul, and only two patients reported with in-hospital death had a CD4 count <200 
cell/Ul, this is going with the current literature that reports poor outcomes in 
immunosuppressed HIV patient with CD4 count <200 (AIDS) 25.  
 
We showed that the lower the CD4 count the higher the long-term mortality. This showed that  
patients treated for HIV infection ie, suppressed viral load and normal CD 4 count in surgically  
treated infective endocarditis patients had similar outcomes with non-HIV infected patients.  
HIV infection has no effect on the Duke’s criteria and that Duke’s criteria does not consider  
HIV infected patients as a separategroup 26. There was no significant deference between  
the two groups with regards to calculated EuroScore II, and there was no association  
between the EuroSCORE II and mortality in this cohort of patients, supporting the 
previously published observation by Koshy et al (2018) in Cape Town 27.  
  
Due to the young age and the rheumatic nature of the underlining valvular pathology 
observed, mechanical prosthesis was the main surgical intervention in both aortic and 
mitral positions. Culture negative endocarditis is relatively higher compared to 
international registries, and similar to the locally published data being as high as 47% in 
the HIV negative group and 33% in the positive group. Internationally in the early 80’s 
there was a prevalence ranging between 2.5 and 31% 28. Where is only 10% reported by 
The International Collaboration on Endocarditis–Prospective Cohort Study in 2009 7. 
South Africa in contrast were reported 40% culture negative among the left heart 
endocarditis 24.  
  
Staphylococcus is the commonest organism cultured between the two groups followed by 
streptococcus species, this is in line with most national and international registries 7.  
  
The perioperative mortality was 17% for HIV (-) and 12% for HIV (+) group, this is also in 
line with the recently published study from cape town reporting 17% in-hospital mortality 
24.  
2.5 Limitations  

1) This study was limited by its design being retrospective single-center study with 
difficulties obtaining information from patient’s files and records.  

2) The small sample size made the statistical analysis and sub analysis difficult, 
further updating the study with additional patient numbers to achieve a cohort that                      
can yield a statistical difference in the results.  
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3) A significant number of HIV testing was performed using rapid test in the ward and 
data recording was sub optimal giving rise to high numbers of untested patients in 
the cohort studied.   

4) The long term follow up and survival data was obtained from the national clinical 
database as well as the department of home affairs, it was limited in that we were 
not given the authority to access more detailed data as cause of death.  

 
  

2.6 Conclusion  

The effect of HIV in HIV positive patient’s on antiretroviral therapy  was minimal with no 
impact on perioperative morbidity and mortality in patients undergoing surgery for left 
sided infective endocarditis. The main risk factor in this cohort was rheumatic valvular 
heart disease, which is a preventable condition. Untreated HIV infection with low CD4 
counts has significant high perioperative and late mortality. This shows the importance of 
HAART program. The high prevalence of culture negative endocarditis warrants further 
investigation. Given the low number of patients in this cohort study, further prospective 
studies need to be conducted to confirm our findings. 
 
 
Infective endocarditis remains a deadly disease with high short- and long-term mortality. HIV 
infection has minimal to no impact on perioperative and in- hospital morbidity and mortality, 
left heart endocarditis is the dominant disease within the HIV patients due to the rheumatic 
valvular heart disease as opposed to right heart endocarditis. The high prevalence of culture 
negative endocarditis warrants further investigation. Given the low number of patients in this 
cohort study, further prospective studies need to be conducted to establish a statistical 
significance between the HIV (+) and (-) groups.  
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 2.11  List of tables   

Table 2.1.  Demographics and prevalence.  
Variable  HIV (+) n=33  

33/105 (31%)  

HIV (-) 

n=72  

72/105 (69%)  

p-value  

Age (mean ± SD)  38.87 ± 10.2  39.51 ± 14.07  0.96  

Gender  

  Male  

  Female  

  

18 (54.5%) 
15 (45.5%)  

  

40 (56%) 
32 (44%)  

>0.99  

Race  

  African  

  Caucasian 

  Mixed race 

  

30 (91%)  

2 (6%) 
1 (3%)  

  

51 (71%)  

14 (19%)  

5 (7%)  

-  

 

Table 2.2  Clinical data HIV (+) versus HIV (-).  

Variable  

 HIV (+) n=33  
           33/10 

 HIV (-) 
n=72  

     72/105  

   

n (%)  Range  
Median 
(IQR)  n (%)  range   Median 

(IQR)  p-value  

IE diagnosis (Duke)        
Definite  23 (70%)      46 (64%)       

0.66  Possible  10 (30%)      26 (36%)       
CD4 cunts (cells/uL)        
CD4 C (<200) 
cells/uL  2 (6%)  114-125  

119.5 
(114125)           

CD4 C (>200) 
cells/uL  28 (85%)  226-1648  497 (361.5 

734.3)           

CD4 C unknown  3 (9%)  -  -           
NYHA        
NYHA 1+2  16 (48%)  -  -  35 (49%)  -     

>0.99  NYHA 3+4  17 (52%)  -  -  37 (51%)  -     
Risk to develop IE        
High and medium  
risk  24(73%)      62 (86%)       

0.24  
Low risk  9 (27%)      10 (14%)       
Indication for surgery        
Heart failure  

16 (48%)      46 (64%)         0.1362  

Uncontrolled sepsis  
5 (15%)      15 (21%)       0.4913  
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Embolism/Extensive 
vegetation  24 (72%)      45 (62%)  

   
  0.3054  

Single indication   
24 (73%)      46 (64%)       0.3725  

Multiple indications   
9 (27%)      26 (36%)       0.3725  

Vegetation (ECHO)        
Yes  27 (82%)      55 (76%)       

0.5323  No  6 (18%)      17 (24%)       
Operative priority        
Salvage/emergency/ 
Urgent  21 (64%)      40 (56%)       

0.4359  
Elective  12(36%)      32 (44%)       
Reoperation         
No  28 (85%)      56 (78%)       

0.4004  Yes  5 (15%)      16 (22%)       
EuroSCORE        

  -  
0.69 -  
74.14  

3.97 (2.05 –  
14.4)  -  

0.56- 
49.89  

 6.78 (3.75 
– 16)  0.21  

 

Table 2.3a: Primary valve pathology in HIV (+) and HIV (-) patients.  
Valve Pathology     

  

  

Variable  

HIV(+)  

               n=33  

               33/105 

HIV(-)  

                n=72  

                72/105  

  

n (%)  n (%)  p-value  

RHD  21 (64%)  42 (58%)  0.6066  
NRHD  12 (36%)  30 (42%)  
NATIVE VALVE                32 (97%)               62 (86%)  0.1667 (F)  
PROSTHESIS                1 (3%)  10 (14%)  
Left side endocarditis     30 (91%)  70 (97%)    
Right side endocarditis  3 (9%)               2 (3%)    
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Table 2.3b. Types of surgical interventions for HIV (+) and HIV (-) patients.  

Variable  n; (%)  Replace 
mechanical  

Replace 
Biological  

Replace 
Homograft  Valvuloplasty  Ross  Debridement  

HIV (+) n=33   
(n; %)  

 
Aortic  
Mitral  

Tricuspid  
Pulmonary  

  
   
20 (61%)  
10 (30%)  
23 (70%)  
32 (97%)  

  
  

11 (33%)  
16 (48%)  

0  
0  

  
  

0  
2 (6%)  
2 (6%)  

0  

  
  

1 (3%)  
0  
0  

1 (3%)  

  
  

1(3%) 
2 (6%)  

7 (21%)  
0  

   
  

0  
0  
0  
0  

  
   

0  
3(9%)  
1 (3%)  

0  

HIV (-) n=72   
(n; %)   

 
Aortic  
Mitral  

Tricuspid  
Pulmonary  

  
 
  

40 (56%)  
26 (36%)  
56 (78%)  
66 (92%  

  
  
   

24 (33%)  
33 (46%)  

0  
0  

  
  
   

3 (4%)  
2 (3%)  
1 (1%)  
1 (1%)  

  
  
  

2 (3%)  
0  
0  

4 (6%)  

  
  
  

1(1%) 
10 (14%)  
14 (19%)  

0  

  
  
   

1 
(1%)  

0  
0  

  
  
   

0  
1 (1%)  
1 (1%)  
1 (1%)  
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 2.12  List of figures  

 
Figure 2.1. Valve pathology in HIV positive and HIV negative patients.   

RHD = Rheumatic heart disease, NRDH = Non-rheumatic heart disease.  
 

  

 

Figure 2.2. Correlation between EuroSCORE II and operative mortality.  
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Figure 2.3. Difference in the CD4 count in HIV patients for in-hospital and long-term 

mortality **p < 0.01.  
 

 

Figure 2.4. Survival of HIV positive patients and HIV negative patients. Significance set 

as p< 0.05.  
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1. Introduction   

  

Infective endocarditis (IE) remains an evolving disease with a persistently high 

mortality and morbidity (Prendergast, 2006).  Non-invasive imaging, molecular 

science, diagnostic protocols, and curative surgery have all become 

commonplace in the developed countries, yet the incidence remains 

unchanged and annual mortality approaches 40% (Benyon et al., 2006).  

  

Major changes have been witnessed in the epidemiology, bacteriology and 

clinical presentation of infective endocarditis as well as major advances in the 

diagnosis and management of this clinical disease (Koegelenberg et al., 2002).    

  

In Western populations in particular, chronic rheumatic heart disease is now an 

uncommon antecedent, whereas degenerative valve disease in elderly 

people, intravenous drug misuse, preceding valve replacement, or vascular 

instrumentation have become increasingly frequent, coinciding with an 

increase in staphylococcal infections and those due to fastidious organisms 

(Benyon et al., 2006).  

  

Infective endocarditis in Africa remains a disease of the young.  Rheumatic 

heart disease still is the main predisposing factor where modern investigations 

and management are the privilege of the well-off few who live in large urban 

areas (Benyon et al., 2006; Nkomo, 2007).  However, only a few large 

epidemiological studies have been performed in Africa and to date, 

knowledge of the clinical features and natural history of IE has relied largely on 

small, uncontrolled, outdated studies. Therefore, the aim of the study will be to 

evaluate the current prevalence of infective endocarditis in an HIV era in 

Central South Africa.  

 

 

 



72  

  

Literature review  

2.  Infective Endocarditis  

2.1 Background  
  

Infective endocarditis (IE) refers to an active intracardiac infection that resides 

on one or more heart valve surfaces.  Other cardiac structures can also be 

involved, and endovascular infection can also occur.  Other cardiac structures 

include the sub valvular apparatus, cardiac muscles, and pericardium (Mauri, 

de Lemos and O’Gara, 2001). Infections of the inner surface of the heart is now 

referred to as infective endocarditis which can be caused by any 

microorganism form bacterial or fungal species (Thiene and Basso, 2006).   
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2.2 Epidemiology  

1 Infective endocarditis:  

Infective endocarditis (IE) is a rare but remains an evolving disease with 
persistently high mortality and morbidity (Prendergast, 2006).  In the United 
States and Western Europe, the incidence of community-acquired 

nativevalve endocarditis in most recent studies is 1.7 to 6.2 cases per 100,000 
person-years (Mylonakis and Calderwood, 2001).  Surprisingly, the incidence 
has not declined over the last 30 years, and now with more health care 
interventions, such as pacer/defibrillators, and an increasingly elderly 
population with degenerative valvular heart disease, the number susceptible 
to endocarditis is increasing. Given the weak evidence for endocarditis 
prophylaxis, there remains a large population at risk (Bashore, Cabell and 
Fowler, 2006).  

Epidemiological studies suggest a bimodal age distribution, with the younger 
population dominated by patients with rheumatic heart disease or 
congenital heart disease and injection drug use (Mauri et al., 2001).  As 
increased longevity has given rise to degenerative valvular disease, 
placement of prosthetic valves, and increased exposure to nosocomial 
bacteremia, the median age of patients has gradually increased; it was 30 

to 40 years during the pre-antibiotic era and 47 to 69 years more recently 
(Mylonakis and Calderwood, 2001).   

Men are reported to be more often affected than women (in a ratio of 2:1) 
(Benyon, Bahl and Prendergast, 2005).  

2 HIV:  

Sub-Saharan Africa with the South African population currently has the 
largest prevalence of HIV/AIDS in the world. The region has almost a third of 
the world’s HIV positive population with less than 2% of the global population. 
The HIV prevalence dramatically increased during the 1990’s with 
epidemiological studies showing increases from <1% to 24.5% between the 
start and end of the decade (Barron et al., 2013).  
  
The local government response was very slow and indecisive which aided in 
the increase. From the early 2000’s government changed their stance 
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regarding HIV which has led to a multitude of campaigns to affect change. 
These campaigns have made major strides in curbing increases in HIV 
prevalence, but the percentages are not declining. In 2016 government 
adopted the UNAIDS 90-90-90 strategy which aims to have 90% of patients 
with HIV diagnosed and on combination antiretroviral treatment with a nighty 
percent viral suppression (UNAIDS, 2016a).  

Combination antiretroviral therapy is of critical importance and without it, 
patients experience increased CD4+ T cell loss combined with immunological 
abnormalities, which can result in increased susceptibility to opportunistic 
infections (Deeks, 2015). Combination therapy has been pivotal in reducing 
HIV viral load, allowing the increase of CD4+ T cells and reducing the risk of 
developing AIDS (Deeks, 2015). These patients however still present a higher-
than-normal risk of developing bloodstream infections and IE (Taramasso, 
2016).  

The relationship and implications of patients having HIV and developing IE 
are not yet clear. Due to the HIV infection and the susceptibility to secondary 
infections, one would expect IE to be more prevalent in HIV positive patients, 
but it is not considered a complication of HIV/AIDS. It is almost limited 
exclusively to HIV patients who are IV drug users in the western societies 
(Currie, 1995; Yunis, 1998). Outcomes observed in patients with active 
systematic disease was poor, especially with extreme immune suppression 
(CD4 count < 200 cells/mL) (Pulvirenti et al., 1996). HIV infection on its own 
therefor does not seem to predispose patients to more severe outcomes of  
IE or a risk factor despite the immune suppression observed (Currie, 1995).  

3  RHD:  

A large spectrum of heart diseases may predispose the onset of infective 
endocarditis.  Rheumatic valve disease, particularly mitral and aortic valve 
steno-incompetence, has been considered for years as the major risk factor. 
In the 1970s, rheumatic valve disease was the predisposing lesion for infective 
endocarditis, accounting for 20% to 25% of cases, whereas in the1980s, it 
dropped to 7–10% (Thiene and Basso, 2006).  Although the frequency of 
rheumatic valve disease has diminished in Europe and North America, it is still 
endemic in Third World countries where it represents by far the leading 
predisposing factor for infective endocarditis, especially in children (Table 1) 
(Thiene and Basso, 2006).    
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Table 1:  Studies on the prevalence of rheumatic heart disease in Africa 
(reproduced from Nkomo, 2007).  
PREVALENCE OF RHEUMATIC HEART DISEASE IN AFRICA  

Country (city)  
Year of 
study  

Number 
screened  Age (years)  

Prevalence (per  
100 population)  Echo  

Algeria (Setif)   1990  11228  6 - 19  2  ? No  

Algeria (Oran)   1990  15430  6 - 19  1.94  ? No  

Egypt (Cairo)   1986  60022  6 - 15  1.5  ? No  

Cameroon (Yaounde)   1988-9  -  6 - 19  2.1  No  

Congo (Brazzaville)   1996  2153  5 - 16  1.4  Yes  

DR Congo (Kinshasa -  
Kinsenso ans Sanga  
Mamba)  1996  4848  5 - 16  14  Yes  

Ethiopia (Butajira)   1992  3235  13.4 (3.5)  4.6  ? Yes  

Ethiopia (Addis Ababa)  1999  9388  
13 – 15  

(7.1 los SES,  
1.0 high SES)  6.4  Yes  

Ivory coast (4 areas)   1977-8  20013  6 - 22  1.45  No  

Kenya (Kakamega)   1985  3631  5 -15  1.7  No  

Kenya (Nairobi)   1994  1115  5 -15  2.7  Yes  

Mali (Bamako)   1986  14351  5 -15  2.9  ? Yes  

Nigeria (Lagos)   1978  12755  6 -12  3  No  

Republic of Guinea  
(Conakry)   

1992  27110  6 -25  3.9  Yes  

South Africa (Soweto)  1972  12050  2 -18  
6.9  

(peak 19.2 in the age 
group 15-18 years)  No  

South Africa (lnanda)   1984  4408  4 -18  1  No  

Sudan (Safaha Town)   1986- 
1989  13332  5 -15  3  Yes  

Zambia (Lusaka)   1986  5200  5 -15  14.6  
Yes in 
subset  

Zambia (Lusaka)   1987  11 944  5 -16  12.5  Yes in 25%  
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The incidence of RHD worldwide has declined over the last years, yet it remains 
endemic in overcrowded areas where basic health care facilities are unreachable 
(Okello, 2012).  

In the south African population recent study by (Koshy et al., 2018) reported 80 
% of infective endocarditis patients had RHD as a predisposing heart 
pathology, indicating a significant part of the South African population at risk 
of developing IE.  

Rheumatic heart disease is a one of few, if not only the preventable acquired 
heart disease affecting poor and middle-income countries that can lead to 
high morbidity and mortality, attention to early recognition and management 
is crucial to prevent the risk of developing a more serious and deadly disease 
namely infective endocarditis (Peters, 2019)  

Other conditions associated with an increased incidence of infective 

endocarditis include poor dental hygiene, long-term hemodialysis, and 
diabetes mellitus. (Mylonakis and Calderwood, 2001). The presence of 
diabetes mellitus (DM) has been associated with even worse outcomes in 
patients with IE. The prevalence of DM among IE-patients is around 17%, 
recently found that the duration and complications of diabetes mellitus are an 
independent risk for IE. There was a stepwise increase in the associated risk of 
IE with increasing duration of DM – an effect independent of age and there 
was an increase in the associated risk of IE with increased severity and number 
of diabetic late-stage complications (Østergaard et al., 2018).  

  
 Infection with human immunodeficiency virus (HIV) may independently 
increase the risk of infective endocarditis. Among patients infected with HIV, 
infective endocarditis is usually associated with injection-drug use or long-
term indwelling intravenous catheters (Mylonakis and Calderwood, 2001).  

Transcatheter interventions are becoming more and more used in the recent 
era, with technology improvement, old frail patients who were not 
considered operable for aortic valve surgery are now a TAVR candidates, 
with more cardiac interventions for other comorbid conditions, this will 
eventually lead to more risk of developing bacteraemia and IE. This specific 
cohort represent a serious challenge for management of TAVR related 
endocarditis Regueiro et al  (2016) reported the incidence of IE post TAVR 
was 1.1% per person- year, within the 1st six month of their procedure, and an 
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in-hospital mortality and 1 year mortality ranging between 47%-75% 
respectively. These extremely high figures raise the importance of developing 
more better and effective policies of prevention and better valve 
characteristics, in opposed to treating this subgroup of patient that were 
deemed very high risk for surgery before the initial procedure (Cahill, 2017). 
 
 
  

2.3 Microbiology  
  

The number of organisms involved with infective endocarditis are evolving with 

more uncommon species namely the HACEK group were cultured. (Mauri et 

al., 2001), to date gram +ve bacteria represents the most cultured organisms, 

more recently studies showed Staphylococcus aureus is more dominant then 

streptococcus viridans (Mylonakis and Calderwood, 2001).  The change in 

patients’ profile from being younger age with structural heart disease to older 

frail patients with more health care-associated endocarditis (Selton-Suty et al., 

2012).   

  

  

1.3.1 Culture-negative infective endocarditis  

culture-negative infective endocarditis is not an uncommon entity it can be as 

high as 31% of the total IE cases, giving a diagnostic and therapeutic 

challenge, the most obvious explanation to this phenomenon is administration 

of antibiotics prior to obtain the blood cultures. Specific serological testing with 

specialized media is needed to isolate such organisms, that consumes time 

because of the slow growth reported (Raoult. 2005).   

 

It has been shown that long-term pre-operative antimicrobial treatment had a 

negative impact on microbiological tests done on resected endocardial 

material. After 2 weeks of therapy, all valve cultures were negative, but PCR 

was positive in half of the cases. PCR aided in diagnostic work-up, especially in 

blood culture-negative cases (Halavaara et al., 2019).  
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2.3 Pathogenesis  
  

Numerous processes and steps are involved that allow a microorganism to 

migrate to the heart valves, replicate and form large vegetations.  The majority 

of infective endocarditis (IE) occurs in the setting of predisposing cardiac 

disease (Mauri et al., 2001).    

  
Adherence of the bacteria to the damaged endothelial service takes place in 

two possible mechanisms (fig. 1): 

 

 

 

 

 

 

 

 

 

   

Figure 1:  Bacterial valve colonization (reproduced from Prendergast, 

2005).  
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1.4.1 Colonization of damaged epithelium  

Stromal cells that are exposed, in conjunction with extracellular matrix proteins 

lead to the forming of fibrin-platelet clots that can bind to the streptococci. 

The clots can attract monocytes that produce tissue factor activity (TFA) and 

cytokine which lead to the activation of coagulation cascades. The cascades 

lead to the attraction and activation of blood platelets, which induce integrin, 

cytokine and TFA from endothelial cells, which promote vegetative growth.  

(Prendergast, 2005).   

  

1.4.2 Colonization of inflamed valve tissues  

Localized inflammation causes the endothelial cells to express integrin’s which 

bind plasma fibrinonectin on to which the microorganisms can bind, which 

result in then their internalization into the endothelial cells. This leads the cells to 

trigger inflammation and coagulation, which all promotes vegetative growth. 

The cells are eventually lysed by the secretion of hemolysins that are 

membrane active proteins (Prendergast, 2005). Another diagram adapted 

from (Werdan et al., 2014) describes the pathogen-host interaction and risk 

states (figure 2).  
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Figure 2. Pathogenesis of endocarditis  
a. Pathogens gain access to the bloodstream, for example via an intravenous 

catheter, injection drug use or from a dental source. b Pathogens adhere to an 
area of abnormal cardiac valve surface. c Some pathogens, such as S. aureus, 
obtain intracellular access to the valve endothelium. d the infected vegetation is 
created by burying of the proliferating organism within a protective matrix of serum 
molecules. e Vegetation particles can detach and disseminate to form emboli. 
These may lead to complications such as ischemic stroke, mycotic aneurysms and 
infarcts or abscesses at remote sites. Figure adapted from Werdan et al (2014).  

 

2.4 Pathophysiology  
  

• The pathophysiological picture of infective endocarditis is demonstrated 
by several mechanisms:  

• Direct extension of infection which can lead to severe valvular 
dysfunction (valvular regurgitation being the most common 
manifestation),  

• Embolization causing distal infarction or infection,  
• Hematogenous seeding of distant organs may create abscesses, and  
• Immune complex deposition producing organ dysfunction such as 

glomerulonephritis and arthritis (Mauri et al., 2001).    
  
  

As a systemic disease, IE results in characteristic pathological changes in 
multiple target organs (Figure 3) (Morris et al., 2003).  
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Figure 3. End-organ manifestations of endocarditis  

A) CT scans of pyogenic brain abscess and embolic stroke with hemorrhagic conversion. B) CT scan 

demonstrating multiple septic pulmonary emboli. C) CT scan demonstrating peripheral wedge-shaped 

splenic infarcts. D) Roth spots on funduscopic exam. E) Infarcts affecting multiple fingers. F) Explanted mitral 

valve with vegetation. G) Explanted aortic valve leaflet with vegetation and perforation. H) Pacemaker lead 

with vegetation. Roth spots photo courtesy of Holland et al (2017).  

 

2.5 Clinical manifestations  
  

Infective endocarditis can frequently present as to intra or extracardiac 

manifestations according to the virulence of the infection and timing of 

presentation. Most commonly, fever is observed, except for patients with 

severe heart, liver or chronic renal failure and patient who received antibiotic 

treatment, it might not be present (Mylonakis and Calderwood, 2001).    

  

Additional observed symptoms can include malaise, weight loss and nightly 

sweats. High percentage of patients present clinically with a heart murmur, 

conjunctivitis or petechiae on the skin (Mylonakis and Calderwood, 2001).    
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Classic textbook signs may still be seen in the developing world, although 

peripheral stigmata of infective endocarditis (Osler’s nodes, Janeway lesions) 

are increasingly uncommon elsewhere, as patients generally present at an 

early stage of the disease (Benyon et al., 2005).  

  

2.6 Diagnosis  
  

The combination of three important aspects (clinical observations, laboratory 

results and echocardiographic information are crucial for the diagnosis of 

infective endocarditis (Mylonakis and Calderwood, 2001).   In 1994, the Duke 

criteria for the diagnosis of infective endocarditis were proposed to increase 

the number of definite diagnoses (Mauri et al., 2001).  

  

1.6.1 Duke criteria for the diagnosis of infective endocarditis  

The Duke criteria stratify patients with suspected infective endocarditis (IE) into 

3 categories (Table 2):  

• Definite cases – identifies either clinically or pathologically (IE proved at 

surgery/autopsy),  

• Possible cases – not meeting the criteria for definite IE and  
• Rejected cases – no pathological evidence of IE at autopsy or surgery 

(Badour et al., 2005).  
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Table 2: Definition of infective endocarditis according to the modified Duke  

 Criteria (reproduced from Bayer et al., 1998).  

 
  

A diagnosis of IE is based on the presence of either major or minor clinical 

criteria.    Clinically definite IE by the Duke Criteria requires the presence of two 

major criteria, 1 major criterion and 3 minor criteria, or 5 minor criteria (Table 3).  

  

  

  

  

  
 

 

 

 

  

Definite IE   

•   Pathological criteria   

•   Microorganisms: demonstrated by culture or histology in a vegetation, in a vegetation  

that has embolized, or in an intracardiac abscess, or   

•   Pathological lesions: vegetation or intraca rdiac abscess present, confirmed by  

histology showing active  endocarditis.   

•   Clinical criteria, using specific definitions listed in Table 3   

•   major criteria, or   

•   1  major and 3 minor criteria, or   

•   5  minor criteria   

Possible IE   

•   Findings consistent with IE that  fall short of "Definite" but not " Rejected. "   

Rejected   

•   Firm alternate diagnosis for manifestations of endocarditis, or   

•   Resolution of manifestations of endocarditis with antibiotic therapy for  4  days, or   

•   No pathological evidence of IE at surgery or autopsy, after antibiotic therapy for  4   

days   
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Table 3:  Definition of the terms used in the modified Duke Criteria  

(Reproduced from Bayer et al., 1998).  
  

Definition of the terms used in the modified Duke Criteria  
Major criteria  
1. Positive blood culture for IE  
A. Typical microorganism consistent with IE from 2 separate blood cultures as noted below:  

(i) viridans streptococci,1 Streptococcus bovis, or HACEK group, or  
(ii) community-acquired Staphylococcus aureus or enterococci, in the absence of a primary 

focus, or  
B. Microorganisms consistent with IE from persistently positive blood cultures defined as  

(i) 2 positive cultures of blood samples drawn >12 hours apart or  

(ii) all of 3 or a majority of 4 separate cultures of blood (with first and last sample drawn  

1 hour apart)  
2. Evidence of endocardial involvement A. 

Positive echocardiogram for IE defined as  
(i) oscillating intracardiac mass on valve or supporting structures, in the path of regurgitant 
jets, or on implanted material in the absence of an alternative anatomic explanation, or  
(ii) abscess, or  
(iii) new partial dehiscence of prosthetic valve, or  

B. New valvular regurgitation (worsening or changing of preexisting murmur not sufficient) Minor criteria  
1. Predisposition: predisposing heart condition or intravenous drug use  
2. Fever: temperature 38.0°C  
3. Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm,      
intracranial hemorrhage, conjunctival hemorrhages, and Janeway lesions  
4. Immunologic phenomena: glomerulonephritis, Osler's nodes, Roth spots, and rheumatoid      
factor  
5. Microbiological evidence: positive blood culture but does not meet a major criterion as noted      
above2 or serological evidence of active infection with organism consistent with IE  
6. Echocardiographic findings: consistent with IE but do not meet a major criterion as noted      above  
------------------------------------------------------------------------------------------------------------------------------------  
1 Includes nutritionally variant strains (Abiotrophia species).   
2 Excludes single positive cultures for coagulase-negative staphylococci and organisms that do not 
cause endocarditis.  

(Reproduced from Bayer et al., 1998).  
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1.6.2 Imaging   

1- Echocardiography:  
Echocardiography plays an important role in the diagnosis and management 

of infective endocarditis (Baddour et al., 2005).  The information that can be 

provided using echocardiogram facilitate the surgical decision making, such 

information including the size and mobility of the vegetations, structure and 

function of affected valve, and overall ventricular function (fig. 2) (Mauri et al., 

2001).    

  

 

Figure 2:  Bacterial valve colonization (reproduced from Prendergast, 2005)  

[3D TEE en-face view of mitral valve demonstrating multiple vegetations 

(arrows)].  
  

Echocardiography is not an appropriate screening test in the evaluation of 

patients with fever or a positive blood culture that is unlikely to reflect IE. 

Nevertheless, some form of echocardiography should be performed in all 

patients suspected of having IE (Prendergast, 2005).   

  

Transesophageal echocardiography (TEE) is safe in experienced hands and 

has a sensitivity for the detection of vegetations in IE that is very high. TEE 

images benefit from higher ultrasonic frequencies, which improve spatial 

resolution and the elimination of interference from interposed tissues. TEE has a 
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substantially higher sensitivity (76% to 100%) and specificity (94%) than TTE for 

perivalvular extension of infection because the TEE transducer in the 

esophagus is in physical proximity to the aortic root and basal septum, where 

most such complications occur (Bayer et al., 1998).  

 

 

Figure 3:  An approach to the diagnostic use of echocardiography (echo).  
*High-risk echocardiographic features include large and/or mobile vegetations, valvular 

insufficiency, a suggestion of perivalvular extension, or secondary ventricular dysfunction. 

 For example, a patient with fever and a previously known heart murmur and no other 

stigmata of IE. +High initial patient risks include prosthetic heart valves, many congenital 

heart diseases, previous endocarditis, new murmur, heart failure, or other stigmata of 

endocarditis. Rx indicates antibiotic treatment for endocarditis (Adapted from Bayer et 

al., 1998).  

2- Multislice computed tomography (MSCT):  

The use of CT coronary angiography is shown to be safe and good 

alternative technique for evaluation of coronary arteries if 

needed in the settings of acute aortic valve endocarditis where 
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risk of embolization is high with conventional coronary 

angiography (Hekimian et al., 2010).  

 

MSCT is helpful in evaluating the extent of infection and abscess 

formation around the aortic valve and aortic root, it’s been shown 

that the accuracy is as good as TOE, according to the comparative 

study performed by Feuchtner et al (2009).  

 

CT scan with contrast can be used as an acceptable 
alternative to MRI in evaluating intracranial bleeds and 
infarcts in critically ill patients with IE (Goddard et al., 2005).  

3- MRI:  

In acute infective endocarditis, MRI demonstrated a 

frequent intracerebral lesion in up to 80% of patients 

irrespective of their neurological symptoms. 

(SnyggMartin et al., 2008). Cerebral MRI also aids in the 

diagnosis of IE as it adds an extra criterion to the Duke’s 

criteria for patients who were asymptomatic but 

positive cerebral finding (Li et al., 2000).  

4- Nuclear imaging:  

Radiolabeled White blood cells SPECT/CT and FDG PET/CT usage to aid 

the diagnosis of IE in the category of possible IE by Duke’s criteria has 

shown good results, 18F-FDG PET/CT also reported useful tool to detect 

extra cardiac metastatic infectious emboli (Bonfiglioli et al., 2013). In 

prosthetic valve dysfunction FDG PET/CT is capable of distinguishing 

infective etiologies from others and adds a novel criterion in diagnosing 

prosthetic valve endocarditis (Saby et al., 2013).  
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2.7 Treatment  
  

The optimal management of infective endocarditis (IE) relies on a close 

collaboration between a broad range of medical specialties Known as the 

‘Endocarditis Team’ that includes cardiology, cardiac surgery, anesthesiology, 

infectious diseases, internal medicine, neurology, intensive care, microbiology, 

and radiology. This is a class IIa indication level of evidence B according to the 

2015 ESC guidelines in the management of complicated IE (2015 ESC 

Guidelines for the management of infective endocarditis).  

  

2.7.1 Prophylaxis:  

Treatment starts with prevention, which includes general measures for all 

population (dental and skin hygiene, avoidance of tattooing and piercing, 

encouraging of using peripheral IV accesses over central catheters). (Duval, 

Leport, 2008) and antibiotic prophylaxis for high and intermediate risk 

populations performing high-risk procedures including dental, cardiac, and 

vascular interventions.  

High-risk population according to the 2015 ESC guidelines summarized as 

follows:  

4- Pts with intracardiac implants (valve prostheses or devices) had higher 

risk of developing IE and higher morbidity and mortality (Lalani et al., 

2013). 

5- Patients with previous history of endocarditis, the chance of developing 

a second episode is higher with higher adverse outcomes (Chu et al., 

2005).  

6- Patients with unattended cyanotic congenital heart disease (CHD) and 

operated CHD with prosthetic implants within the six months of surgery 

(Baumgartner et al., 2010; Knirsch and Nadal, 2011).  
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2.7.2 Medical therapy:  

Medical treatment in the form of antimicrobial therapy to eradicate the 

causative organism using bactericidal regimens is the hallmark of managing 

this disease. With the surgical role in removing infected tissue and treating 

structural complications (Durack et al.,1974; Wilson et al., 1978).   

Bactericidal antibiotics with adequate therapeutic serum levels for a longer 

duration of treatment (4-6) weeks is necessary to eradicate dormant 

organisms, the duration of treatment differs between shorter as in sensitive 

bacteria and longer course of management for more resistant species 

(Prendergarst, 2006).    

  

2.7.3 Surgical management:  
  

Early surgical intervention is important in the management of IE, however 

deciding when to intervene is more complicated. For patients with NYHA 3 and 

4 heart failure, large vegetations possessing embolic risk, and uncontrolled 

sepsis despite accurate type and dosing of antibiotics urgent surgical 

intervention is recommended. The exception being patients who suffered 

cerebral infarction, or more importantly intracerebral hemorrhage whose 

surgery should be delayed between two and four weeks. The patient risk and 

benefit analysis should be performed in an individual manner to determine the 

urgency of surgical intervention. The decision to intervene should always be 

based on the benefits exceeding the operative risk involved (Kang, 2015).  

  

2.7.4 Surgery for heart failure:  

The most sever and common complication of infective endocarditis is heart 

failure, and this represents the most frequent indication for early surgical 

intervention in both native and prosthetic valve endocarditis irrespective of 

age and stage of heart failure (cardiogenic shock), only if sever comorbidity 

prohibits surgery (Habib et al., 2015).  
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2.7.5 Surgery for infection control:  

Uncontrolled infection in the form of local extension of infection (abscesses, 

false aneurysm or enlarging vegetations), or PVE caused by virulent organisms 

(Staph infection and HACEK gram -ve species), persistent positive blood 

cultures despite adequate and accurate antimicrobial therapy, or fungi and 

multi-resistant organisms cultured, early surgery is indicated.  

  

2.7.6 Surgery to prevent embolism:  

Systemic embolization is very common in EI, at presentation twenty to fifty 

percent of patients developed embolic phenomena, it falls down to 6-20 % 

after initiation of antibiotic therapy, and the risk continues to be high for the 1st 

two weeks of treatment (Vilacosta et al., 2002). Surgery must be performed in 

an urgent basis (within days) to prevent embolic events (Thuny et al., 2005).  

  

The decision to operate for emboli prevention is not as clear, it has to be 

individualized for each patient, the main indication for early operation is based 

on certain findings, more importantly the size and mobility of the vegetations, 

previous one or more embolic event, presence of other complications, and 

the duration of antibiotic therapy (Thuny et al., 2011).  

 

The 2015 ESC guidelines recommend urgent surgical intervention for patients 

who has >1 cm vegetations on the mitral or aortic valves with previous one or 

more embolic events despite appropriate antibiotic therapy (Thuny et al., 

2005). With sever valve dysfunction, surgery can also be performed on patients 

with large vegetation of >3cm, and for those who has an isolated vegetation 

of >1.5 cm surgery may be performed if the valves can be preserved.  

  

Surgery for Infective endocarditis has a very high mortality even in experienced 

centers exceeding any valvular heart surgery (Thuny et al, 2012). The reported 

in-hospital and one-year mortality according to multicenter study results were 

15-20% and up to 40% respectively (Kang et al., 2012).  
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2.8  Complications  

Complications related to IE are quite frequent, the number and rate of 

developing these complications differs between the studies, where 57 % of 

patients having one complication and 26% with two and about 14% with three 

or more complications (Mocchegiani et al, 2009).  

  
These complications can be either cardiac or extracardiac, where 

intracardiac is related to the direct spread of infections and extra cardiac can 

be related to embolic event or immune complex (Habib et al, 2015). The 

development of such complications also depends on the causative organisms, 

the time between developing the disease and the initiation of treatment and 

treatment modality (Cahill et al, 2017)  

  

2.8.1 Cardiac complications   

The most important cardiac complication of infective endocarditis is the 

development of heart failure, the presence of moderate to severe HF at 

presentation is the most significant predictor of in-hospital and late mortality 

(Nadji et al., 2009). Heart failure usually develops from direct destruction of 

cardiac valves by the infection leading to acute or worsening preexisting 

regurgitation, and less commonly the development of fistula or obstruction of 

a valve due to a large vegetation (Anguera et al., 2005).  

  

1.8.2 Neurologic complications   

As described above embolic phenomena is very common, it affects the brain 

in 65% of cases with 20-40% of which develop neurological complications 

(Mylonakis and Calderwood, 2001). Stoke is proven to be an independent 

worse prognostic factor for IE patients (Thuny et al., 2007). The majority of 

reported cerebrovascular accidents were mainly ischemic; the presence of 

hemorrhagic stroke poses a great challenge in management of this subgroup 

in terms of early surgical interventions. Surgery should be delayed to >4 weeks 

(Yoshioka et al., 2012).  
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1.8.3 Systemic emboli and splenic abscess   

Systemic embolization is a frequent complication of left sided endocarditis, 

where majority happens before admissions (Hubert et al., 2013). The brain and 

spleen being the most common sites. Splenic infarcts are usually 

asymptomatic, persistent fever and bacteremia raises the possibility of splenic 

abscesses, and further work up is needed (abdominal sonar, CT, or MRI) for 

diagnosis (Bonfiglioli et al., 2013). Rarely surgery is indicated for splenic 

infarction but should be considered in case of rupture or large abscesses 

refractory to antibiotics (Akhyari et al., 2012).  

  

1.8.4 Prolonged fever   

Normally fever subsides 2 to 3 days of initiation of antibiotics in non-virulent 

infections. If fever that lasts more than 2 weeks is considered prolonged and 

should raise the possibility of more serious complication as in local extension of 

infection to the paravalvular areas and myocardium forming abscesses. It can 

also occur due to septic emboli forming remote abscesses, one should also 

consider drug reactions especially if recurrent fever after resolving (Mylonakis 

and Calderwood, 2001).    

  

2.9  Survival   

Despite advances in medical knowledge, technology and antimicrobial 

therapy, infective endocarditis (IE) is still associated with devastating 

outcomes. Irrespective of the follow-up period, a significantly higher mortality 

rate was reported in IE patients, and the burden of IE-related complications 

was immense. The overall pooled mortality estimates for IE patients who 

underwent short- and long-term follow-up were 20% and 37% respectively 

(Abegaz et al., 2017).  

  

Even after successful treatment of an episode of infective endocarditis, long-

term mortality and morbidity remain high. Factors predictive of long-term 

mortality are age > 55 years, congestive heart failure, and the initial presence 
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of a few symptoms of endocarditis. Moreover, early valve replacement has the 

potential to improve long-term survival in a wide range of patients with 

infective endocarditis Netzer et al., 2002).  

 

According to the 2015 ESC Guidelines for the management of infective 

endocarditis, prognosis was influenced by 4 important findings categorized as 

follows:  

Patient’s characteristics:  

a. Old age  

b. DM  

c. PVE  

d. Comorbidities (frailty, immunosuppression).   

Clinical complications of IE:  

e. HF  

f. RF  

g. Hemorrhagic stroke   

h. Septic shock.  

Causative microorganism:  

i. Staph. aureus  

j. Fungi  

k. Non-HACEK Gram-negative bacilli  

Echocardiographic findings   

l. Periannular complications  

m. Severe left-sided valve regurgitation  

n. Poor LVEF  

o. PAH  

p. Large vegetations  

q. Severe prosthetic valve dysfunction  
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r. Premature mitral valve closure and other signs of elevated 

diastolic pressures.  

Predictors of poor outcome in patients with IE (Habib et al., 2015).  
 

To summarize, assessing prognosis can be easily established for all patients 

admitted with IE by using their clinical, microbiological and echo data to aid 

in decision making with regards to the initial management plan for better 

outcomes (Habib et al., 2015). Patients who present with heart failure and 

complicated Periannular endocarditis and/ or culture positive for staph. Aureus 

represents a highest mortality and early surgical treatment is required (San et 

al., 2007). The worst outcome reported was amongst those patients who 

needed surgery but could not receive it due to the prohibited risk for surgical 

intervention (Mirabel et al., 2014).  

 

2.10 Study rationale  
  

Infective endocarditis (IE) remains an evolving disease with persistently high mortality 

and morbidity (Prendergast, 2006).  The incidence of infective endocarditis has not 

declined over the last 30 years, and now with more health care interventions, such as 

pacer/defibrillators, and an increasingly elderly population with degenerative valvular 

heart disease, the number susceptible to endocarditis is increasing. Given the weak 

evidence for endocarditis prophylaxis, there remains a large population at risk (Bashore 

et al., 2006).  

While the incidence of rheumatic valve heart disease has dropped significantly in the 

western and developed nations, yet still endemic in the developing countries, and 

accounts as the major risk factor for developing infective endocarditis (Thiene and 

Basso, 2006). Sub-Saharan Africa with the South African population currently has the 

largest prevalence of HIV/AIDS in the world. Combination therapy has been pivotal in 

reducing HIV viral load, allowing the increase of CD4+ T cells and reducing the risk of 

developing AIDS (Deeks et al., 2015). These patients however still present a higher-than 

normal risk of developing bloodstream infections and IE (Taramasso et al., 2016).  
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The relationship and implications of patients having HIV and developing IE are not yet 

clear. Due to the HIV infection and the susceptibility to secondary infections, one would 

expect IE to be more prevalent in HIV positive patients, but it is not considered a 

complication of HIV/AIDS. It is almost limited exclusively to HIV patients who are IV drug 

users in the western societies (Currie et al., 1995; Yunis and Stone 1998).   

Outcomes observed in patients with active systematic disease was poor, especially with 

extreme immune suppression (CD4 count < 200 cells/mL) (Pulvirenti et al., 1996). HIV 

infection on its own therefor does not seem to predispose patients to more severe 

outcomes of IE or a risk factor except in patients with severe immunosuppression (Currie 

et al., 1995).  

In recent studies in South Africa, clinical features, and natural history of infective 

endocarditis within the context of HIV and HAART have not been extensively studied 

and relied largely on, uncontrolled, studies reporting from different areas of the country. 

The need for well-structured, well-designed trials representing the current disease 

patterns is of high importance (Naidoo and Shien 2009; Koegelenberg et al., 2003; Koshy 

et al., 2018). 

2.11.1   Aim  

The aim of the study was to compare the outcomes between HIV positive and HIV 

negative surgical patients with infective endocarditis in central South Africa in the 

current era.   

 

2.11.2   Objectives  

• Identify adult patients with infective endocarditis according to the modified 

Duke’s criteria in patients that received heart valve surgeries between 2009-2019 

from the departmental database.  

• Determine underlining pathologies and risks for endocarditis.  

• Risk stratifications (Euro score II) and comorbidities.  

• Type of surgical interventions, outcomes, and complications.   

• Comparison of outcome and survival between the HIV positive and negative 

groups.  
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Methodology  

3.1 Study location  
  

The research study will be conducted in the Department of Cardiothoracic 

Surgery, Faculty of Health Sciences, University of the Free State, Bloemfontein, 

South Africa.  

  

3.2 Study population   
  

3.2.1 The number of subjects  
  
The data file for patients that presented with a (definite or possible IE) 

according to the modified Duke’s criteria that received surgical treatment 

from 2009 to 2019 will be included in the study (+-150).  Only patients older than 

18 years will be included and the demographics age, sex, ethnic group 

diagnoses, pre-disposing factors, HIV status, pathogens, intraoperative and 

postoperative records and clinical outcomes, as well as long-term survival will 

be recorded for each patient.  

  

3.2.2 Inclusion and exclusion criteria  
3.2.2.1 Inclusion criteria  

  
• All patients that presented with a possible or definite infective 

endocarditis based on the modified Duke's criteria II for surgical 

treatment during the period from 2009 to 2019.  

• Only patients older than 18 years of age.  
  

3.2.2.2 Exclusion criteria  

• Patients rejected by the Modified Duke criteria for diagnosis of infective 
endocarditis.  

• Patients younger than 18 years of age.  
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3.3 Study design   
  

This study will be a retrospective analytical study that will include all patients 

presented with infective endocarditis who underwent surgical treatment 

between 2009 and 2019.  

  

3.4 Study layout  

 
  

3.4 Research team   
  

Project leader  

Dr. Taha Gwila  

Cardiothoracic surgery registrar   

Department of cardiothoracic surgery   

University of the Free State (UFS)  

Supervisor  

Prof FE Smit  

  

IE pt from 2009 - 
2019 

demographics  
age,sex, ethnic  

group,  pre - 
disposing factors,  

HIV status 

diagnosis acc. to  
Duke's criteria 

type of pathogens,  

intraoperative and  
postoperative  

records  
Complication and  
clinical outcomes 

HIV (+) Group  HIV ( - )  Group  
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PhD Cardiothoracic Surgery  

Head: Department of Cardiothoracic Surgery  

University of the Free State (UFS)  
  

Co-supervisor   

Dr. L Botes  

D-Tech Biomedical Technology  

Senior Lecturer: Clinical Technology  

Central University of Technology  

  

Co-supervisor   

Mr M Hanekom  

MMedSc (Virology)  

Scientist: Cardiothoracic Surgery  

University of the Free State (UFS)  

  

3.5 Data recorded.  

  

Demographics, clinical presentations, operative and postoperative data as 

well as postoperative complications will be recorded.  All the data will be 

sourced from the patient’s medical file and the department’s online data base 

from 2009-2019.  

  

3.5.1 Preoperative data  
The following demographic and clinical data will be recorded for each 

participant:  

  

• Age (years)  

• Gender (male/female)  

• Ethnicity (black/white/Indian/colored)   
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• Predisposing factors. (Rheumatic heart disease, congenital heart 
disease, IV drug use and surgical procedures within 60 days of 
presentation.  

• Diagnosis (Modified Duke’s criteria) reference   

• Date of surgery (elective, urgent or emergencies)  

• Blood cultures (positive, negative)   

• HIV status (tested /not tested, positive/ negative)  

  

3.5.2 Intraoperative data  
• Type of surgery (valve repair/ replacement or combined, congenital 

surgery and others)  

• Type of valves used (mechanical, tissue, homograft)  

  

3.5.3 Postoperative data  
• Complications (intra and extra cardiac complications)  

• Outcomes (in hospital mortality)  

• Survival (long term mortality)  

  

 3.6  Statistical analysis  
  
The data will be captured electronically by the researcher onto the data sheet 

(Appendix F). The captured data will be analyzed by a statistician utilizing 

appropriate statistical methods. Where applicable, continuous variables will be 

summarized descriptively, and frequencies will be subjected to a Chi2 or 

Fisher’s exact test.  The latter will be used should any of the cell counts be less 

than 5.   Where possible, the results between 2009 and 2019 will be presented 

graphically.  
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3.6 Ethical aspects and good clinical practice  
  

3.6.1 Ethical clearance  
  

The study will commence as soon as the ethical clearance is granted.    

  

3.6.2 Safety variables  
  

The study will pose no direct risk to any patients as this will be a retrospective 

study only reviewing data from patient files.    

  

3.6.3 Premature discontinuation of the study  
  

The study will be discontinued prematurely if the researcher or any of the 

study leaders feels that a patient’s confidentiality might be breached or if 

any unethical procedures occur.  

  

3.6.4 Good Clinical Practice (GCP)  
  

The researchers will adhere to the guidelines of the South African Good 

Clinical Practice principles.  

  
3.6.5 Financial implications to the patient  
  

There will be no financial implications to the patient.  

3.6.6 Confidentiality  
  

Personal details of every patient participating in this study will be kept strictly 

confidential.  At no time during the research may any of the patients’ 

identification be made known to any other people other than the 
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researchers. The data sheet will not contain the names or surnames of the 

patients, only the unique hospital number. The information in the datasheet 

will only be accessible to the researcher.  

3.6.7 Contact details of the researchers.  
  

Department Cardiothoracic Surgery  

• Principle investigator (PI) o  
Dr. Taha H Gwila (MBBCh) o 
tgwela@gmail.com o 
Gwila.t@gmail.com o 
O793063990  

 
• Supervisor  o Prof FE Smit 

(PhD) o 0514053168 o 
smitfe@ufs.ac.za  

  
• Co supervisor  o Dr. L Botes 

(DTECH) o O515073576 o 

lbotes@cut.ac.za  

• Co supervisor  o Mr M 

Hanekom (MMEDSc) o 

O515073576 o 

lbotes@cut.ac.za  
 

3.6.8 Ethical Considerations  
 

The datasheet will be kept safe on a password protected computer by the 

researcher. Patient identifiers such as names and surnames will also be removed 

from the datasheet and their unique hospital identification numbers will only 

identify patients.  
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2. Time Frame  

  

  
Date  Task  Responsible person  Date of 

accomplishment  

February  Literature search  

Compile protocol  

PI, Department of  

Cardiothoracic Surgery  

       February 2019  

March  Finalize protocol  
  

PI, Department of  

Cardiothoracic Surgery  

March 2019  

March  Systematic review of the 
literature  

PI, Department of  

Cardiothoracic Surgery  

April 2019  

April  Submit to Ethics 
Committee  

For ethical clearance  

PI, Department of  

Cardiothoracic Surgery  

April 2019  

July  Retrospective audit of 
patient’s data  

Research team, Department 
of Cardiothoracic Surgery  

July 2019  

July  Data analysis  Statistician, Department of  

Cardiothoracic Surgery  

July 2019  

August  Prepare article for 
publication  

Researchers, Department of  

Cardiothoracic Surgery  

August 2019  

Septem 

ber  
Submit article  PI, department of  

Cardiothoracic Surgery  

September  

2019  
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3. Budget  

  

Literature searches and printing costs as well as publication cost will be 

covered by the department of Cardiothoracic Surgery, UFS.  

  

Clinical data gathering will not amount to any expenses for the patient, 

researcher or the hospital.  

  
Item  Cost  

Publication fees  ZAR 6000 (depending on journal, fee 

estimated from publication in  

Cardiovascular Journal of Africa)  

Statistician   ZAR 5000  

Language editing   ZAR 5000  

total  ZAR16000  
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