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Over the past few decades, the population has evolved to become an 
older population with increased access to hospital resources. This 

has led to changes in the types of organisms involved in infections (eg, 
the emergence of Clostridium difficile). The clinical spectrum of infective 
endocarditis (IE) has also changed from the historical spectrum, with a 
reduction in rheumatic fever and a rise in intervention- and procedure-
related secondary infections (1). In the 1970s, streptococci such as 
Streptococcus bovis or Streprococcus viridans were believed to account for up 
to 80% of all cases of IE, with Staphylococcus aureus comprising the major-
ity of the remaining cases (1). In addition to the increasing age of the 
population, there have been changes in microbiological classifications 
such as when, importantly, Enterococcus faecalis was removed from the 
streptococcal group and classified as a separate organism in 1984 (2).

As mentioned above, as the population evolved, so did the micro-
organisms involved in IE and, by the 1980s, the prevalence of strepto-
coccal IE had diminished to less than 50% of cases, even in tertiary 
referral centres (3). In many areas, this trend has been related to an 
increase in the number of intravenous drug users (IVDUs) and an 
increase in the number of patients with degenerative valvular condi-
tions who survive long enough to develop IE (4). What has not 
improved is the significant mortality rate associated with IE (11% to 
26% [5]), which has even increased in some studies examining higher-
risk populations (6). In addition, the overall incidence remains much 
the same as it has in previous years (3.6 per 100,000 per year [5]). 

Because the most recent data published regarding the United 
Kingdom organism spectrum were recorded in the 1980s, we set out to 
determine whether changes continue to occur in the microbiological 
spectrum and, if so, whether this has affected the expected outcomes.

Methods
data collection
The medical records of all patients who had been coded as having 
endocarditis between January 2000 and April 2011 were retrospectively 

collected. All case notes were reviewed and patients were included if 
they had been diagnosed with and treated for endocarditis, as identi-
fied by the attending physicians, and had either possible or probable IE 
according to the Duke criteria. Patients who did not meet the criteria 
and patients for whom the diagnosis was unclear were not included.

Possible endocarditis was defined as one major and one minor cri-
teria or three minor criteria, and probable endocarditis as two major 
criteria, one major and three minor or five minor criteria.

The modified Duke criteria are shown below (7):

Major criteria
1. Positive blood culture with typical Ie microorganism, defined as 
one of the following: 
•	 Typical	microorganism	consistent	with	IE	from	two	separate	blood	

cultures, such as Streptococci viridans, Streptococcus bovis, HACEK 
group organisms (Haemophilus species, Actinobacillus actinomy-
cetemcomitans, Cardiobacterium hominis, Eikenella corrodens and 
Kingella species), Staphylococcus aureus or community-acquired 
enterococci, in the absence of a primary focus; or 

•		 Microorganisms	 consistent	 with	 IE	 from	 persistently	 positive	
blood cultures, defined as:
○	 Two positive cultures of blood samples drawn >12 h apart, or
○	 All of three or a majority of four separate cultures of blood 

(with first and final samples drawn 1 h apart)
○	 A single blood culture positive for Coxiella burnetii or antiphase I 

immuoglobulin G antibody titre >1:800

2. evidence of endocardial involvement
•		 Positive	echocardiogram	abscess,	new	dehiscence	of	a	prosthetic	valve	

or presence of an oscillating mass on the valve structures or other 
implanted material without alternative anatomical explanation

•		 New	valvular	regurgitation
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Infective endocarditis is one of three common cardiac infections in the 
United Kingdom, in addition to myocarditis and pericarditis, with a 
reported incidence of 1.7 to 6.2 cases per 100,000 patient years. Infective 
endocarditis can often have serious consequences and a wide variety of 
organisms may be the causative pathogen. There are little published data 
regarding the exact spectrum of organisms that cause endocarditis in the 
United Kingdom and whether organisms such as streptococci still domi-
nate. In the present study, all cases of endocarditis at the authors’ institu-
tion, representing a typical nontertiary centre, were retrospectively 
examined and audited to provide a snapshot of the organism spectrum in 
these patients.
The cases of more than 120 patients who were coded as having endocarditis 
by the institution’s clinical coding department during the period between 

December	 2000	 and	 January	 2011	 were	 examined.	 Microbiological	 tests	
and clinical case notes of all patients were reviewed. Of the 101 patients 
diagnosed with and treated for endocarditis, 64 were male, with a mean age 
of 60.57 years. The most common organisms identified were Streptococcus spe-
cies (31%), Staphylococcus aureus (27%) and Enterococcus faecalis (21%). The 
organisms with the highest associated mortality rate were S aureus and the 
‘other organism’ group, which included non-HACEK group (Haemophilus 
species, Actinobacillus actinomycetemcomitans, Cardiobacterium homi-
nis, Eikenella corrodens and Kingella species) pathogens such as Candida 
albicans. Streptococcus species and S aureus remain the main cause of endo-
carditis in a typical hospital setting in the United Kingdom, although in a 
smaller proportion of cases than historical data suggests. Overall, mortality 
remains high, and the clinician should remain vigilant to endocarditis in 
any patient with a positive blood culture because the number of cases of 
endocarditis caused by less typical organisms are increasing.
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Minor criteria
•	 Predisposition	to	IE
•	 Fever	>38°C
•	 Vascular	phenomena	such	as	an	arterial	embolus
•	 Immunological	phenomena	such	as	a	glomerulonephritis
•	 Positive	 blood	 cultures	 that	 do	 not	 meet	 the	 major	 criteria	 or	

serological evidence of an organism consistent with IE
Data regarding patient age, sex, blood culture results, serological 

testing, echocardiogram results, existing valvular problems, length of 
stay and outcomes were also obtained. Some patients had more than 
one organism identified by blood culture; all culture growths fulfilling 
the criteria above were recorded for patients during their episode of IE. 
When a patient died, the organism identified was recorded to produce 
figures on mortality according to organism. In cases in which more 
than one organism was identified in a patient who died, the most 
repeatedly identified organism was used in mortality data analysis. 
Blood culture results were analyzed using commercially available auto-
mated systems and organism identification was performed in accord-
ance	with	current	National	Health	Service	(NHS)	systems.	

study population
The	present	study	was	conducted	at	Aintree	University	Hospitals	NHS	
Foundation	 Trust,	 a	 large	 single-site	 hospital	 serving	 North	 Liverpool,	
South Sefton and Kirkby, United Kingdom. The hospital provides acute 
services to 330,000 individuals in a mostly urban area, including some 
areas of high social deprivation. The trust also offers some specialist servi-
ces, such as sleep studies and hepatobiliary surgery, to a catchment area 
that	 includes	 approximately	 1.5	 million	 individuals	 in	 Merseyside,	
Cheshire,	South	Lancashire	and	North	Wales.

ethics approval 
The present study was approved by the Research and Audit Department 
at	Aintree	University	Hospitals	NHS	Foundation	Trust.	Formal	ethics	
approval was not required.

ResuLts
Patient results
A total of 101 patients who had either possible or probable endocard-
itis according to the modified Duke criteria, and who had been diag-
nosed with and treated for IE by their attending physician, were 
identified over the 10-year period. Sixty-four patients were male and 
47 were female, with a mean (± SD) age of 60.57±16.9 years and a 
mean length of stay of 45±15.95 days. The mean Duke score was 
3.7±0.88. Only seven patients had evidence of right-sided or right 
ventricle pacing lead endocarditis, with all other cases affecting the 
aortic or mitral valve. Of the patients with IE, 21 were known IVDUs, 
20 had prosthetic valves and 12 were known to have existing valve 
problems.

Microbiology results
The overall microbiological spectrum of blood culture isolates in the 
cohort	of	IE	patients	is	presented	in	Figure	1.	Overall,	S aureus was the 
most commonly identified organism in the cohort over the entire time 
period, followed by the Streptococcus species, of which the most com-
monly identified organisms were S bovis and S viridans. Of the HACEK 
group organisms, Haemophilus aphrophilus and Actinobacillus actinomy-
cetemcomitans were the only organisms identified in the present cohort. 
In the ‘other organism’ group, organisms identified in the context of 
acute endocarditis in multiple blood cultures included Klebsiella oxy-
toea, Erysipelothrix rhusiopathiae and C albicans.

Figure	2	presents	the	variations	in	the	incidence	of	various	patho-
gens	over	three	time	periods	of	the	present	study.	From	these	graphs,	it	
is clear that there was a natural variation in the percentage of cases 
caused by a particular organism, with no specific trend for any organ-
ism over time in this institution. In the case of E faecalis, the period 
from 2004 to 2008 appeared to be associated with a high number of 
patients with prosthetic valves being admitted, with a corresponding 
reduction in native valve disease.

In higher-risk patients, such as IVDUs and individuals with 
known valve prostheses, virtually all cases were due to S aureus or 
Streptococcus species, except the cases of prosthetic valve endocarditis, 
which were mainly due to E faecalis	(Figure	3).

Mortality data 
In the present cohort, 30 deaths were related to episodes of IE, with 
56% of these deaths occurring in individuals older than 70 years of age 
and 20% of these deaths in IVDUs. The mean Duke score in this group 
was 3.6, and of these 30 patients, 23 died during the initial presenting 
episode of overwhelming sepsis, three died due to a later recurrence of 
the same organism and four died immediately postoperatively, mainly 
from septic shock and circulatory collapse.

There tended to be a slightly more acute course in patients who 
died, with a mean time to death of 39±29.4 days, compared with the 
mean length of stay of 45 days for patients who survived.

Figure 1) Overall organism spectrum, January 2000 to April 2011. 
E faecalis Enterococcus faecalis; HACEK Haemophilus species, 
Actinobacillus actinomycetemcomitans, Cardiobacterium hominis, 
Eikenella corrodens and Kingella species; S aureus Staphylococcus 
aureus

Figure 2) A Organism spectrum 2000 to 2004. B Organism spectrum 2004 
to 2008. C Organism spectrum 2008 to 2011. E faecalis Enterococcus 
faecalis; HACEK Haemophilus species, Actinobacillus actinomy-
cetemcomitans, Cardiobacterium hominis, Eikenella corrodens and 
Kingella species; S aureus Staphylococcus aureus
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It was difficult to estimate an initial point at which the disease process 
started and, therefore, a time to the start of treatment for patients who 
died because several patients had exhibited evidence of other potential 
infective processes such as positive urine cultures. In the present cohort, 
no patients were identified who had not received broad spectrum anti-
biotics within 48 h of admission, including patients who survived and 
patients who were relatively stable at the time of admission.

Figure	4	presents	a	breakdown	of	the	organism	spectrum	in	patients	
who died. In the ‘other organism’ group, nearly one-half of cases were 
due to C albicans, which is consistent with previously reported high 
mortality rates for fungal endocarditis (8).

dIsCussIon
The present analysis was the first audit of the microbiological spectrum 
in IE for many years. This is important because there has been a ten-
dency for the most recent information in the United Kingdom 
regarding endocarditis to be in the form of either interesting case 
reports or assessment of treatment responses. 

Our audit showed that IE remains a condition with a substantial mor-
tality risk and that the spectrum of organisms involved has shifted over 
the years in our centre, which is fairly typical of the modern acute trust. 

This shift does not appear to be continuing in our patient cohort, 
but appears to reflect general changes in the patient population and 
hospital experience in the past few decades that, in many other infect-
ive processes, have led to more infections with what were previously 
considered to be atypical organisms.

We also demonstrated that mortality differs among organisms and 
that, in particular, some of the less common organisms, such as 
C albicans, have a very high mortality rate compared with typical 
organisms such as streptococci. We also observed that in patients with 
prosthetic heart valves, E faecalis was the most common organism 
involved in IE, which may be expected due to the older age and mul-
tiple hospital visits of the typical valve replacement patient.

The present audit is important because continuous surveillance of 
the type of organism causing IE is necessary to enable clinicians to be 
aware of the significance of positive blood cultures and their likelihood 
of causing IE, even when the organism is one that is less typical.

The main change in recent years, both in the United Kingdom and 
elsewhere, appears to be a reduction in the incidence of IE caused by 
Streptococcus species and a rise in IE caused by S aureus and other bac-
teria (9-11). This is likely due to the increasing age of the population 
and an increase in the number of medical procedures patients undergo 
as part of their routine care (12). This aging population with multiple 
hospital attendances has led to an increase in the incidence of E faecalis 
IE in many countries (13), which was confirmed by the higher inci-
dence of E faecalis in patients with prosthetic valves in our cohort.

In our cohort, the prevalence of culture-negative endocarditis was 
very low, with only three cases identified at our centre in 11 years. This 
is different from previously published studies showing that nearly 30% 
of cases were culture negative (14), although in studies from other 
countries the incidence has dropped to as low as 1% (15). In our cen-
tre, culture-negative cases are subjected to full immunological, poly-
merase chain reaction and serological testing. This, in addition to a 
global improvement in laboratory techniques in recent years, may help 
to explain our lower rates. Anecdotally, we also believe that increased 

performance of multiple blood cultures before antibiotics has helped 
increase our diagnostic yield. Because the microbiology spectrum var-
ies from one country to another, it would be difficult to extrapolate our 
experience to other countries; this is demonstrated by the widely dif-
fering figures alluded to above.

Our overall mortality data are consistent with other published 
data from within the United Kingdom and similar countries regarding 
mortality from IE (16,17), with mortality rates of approximately 30%. 
This figure appears to have changed very little in the past few dec-
ades, highlighting the seriousness of the condition and the need to 
undertake regular audits of the microorganisms causing IE. It is likely 
that, for similar reasons to the proliferation of enterococcal IE (old 
age, increased morbidity, etc), mortality from IE will remain stub-
bornly high, especially considering the often insidious onset of the 
disease (18).

Limitations
Because the present analysis was a single-centre audit, we acknow-
ledge that it is difficult to make generalizations to the rest of the 
United Kingdom regarding the microbiological changes in IE. 
However, because our data are consistent with previous data from the 
United Kingdom and more recent data from abroad (19,20), we can 
at least highlight to other trusts some of the changes that may be 
occurring in their local areas. 

Another limitation of the present study is that we had only the 
recorded blood culture results to suggest that these organisms were the 
cause of our patients’ endocarditis. It is possible that this may not have  
been the case in some patients, and we do not have any tissue sample 
test results to compare with blood culture results.

We accept that IE due to separate organisms in blood cultures is 
highly unlikely, but in the case of patients with separate organisms 
being repeatedly cultured, we needed to record both in the absence of 
a tissue diagnosis to illustrate possible microbiological shifts. 

ConCLusIons
IE in the United Kingdom remains a disease with a high mortality rate, 
and the microbiological spectrum causing this disease has shifted over 
time and will likely continue to do so. Doctors should be vigilant to 
this microbiological shift and the potential for some organisms to be 
more prevalent, such as S aureus in IVDUs or E faecalis in patients with 
prosthetic valves.

Figure 3) Organism spectrum in high-risk groups. E faecalis Enterococcus 
faecalis; IVDU Intravenous drug users; S aureus Staphylococcus aureus

Figure 4) Major organism identified in blood cultures of patients who died 
from endocarditis, January 2000 to April 2011. E faecalis Enterococcus 
faecalis; S aureus Staphylococcus aureus
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