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Abstract: Studies on the value of culture-independent molecular identification of bacteria in cardiac valves are mostly re-

stricted to comparing agreement of identification to what is obtained by culture to the number of identified bacteria in cul-

ture-negative cases. However, evaluation of the usefulness of direct molecular identification should also address weak-

nesses, their relevance in the given setting, and possible improvements. 

In this study cardiac valves from 56 Danish patients referred for surgery for infective endocarditis were analysed by mi-

croscopy and culture as well as by PCR targeting part of the bacterial 16S rRNA gene followed by DNA sequencing of 

the PCR product. PCR and DNA sequencing identified significant bacteria in 49 samples from 43 patients, including five 

out of 13 culture-negative cases. No rare, exotic, or intracellular bacteria were identified. There was a general agreement 

between bacterial identity obtained by ribosomal PCR and DNA sequencing from the valves and bacterial isolates from 

blood culture. However, DNA sequencing of the 16S rRNA gene did not discriminate well among non-haemolytic strep-

tococci, especially within the Streptococcus mitis group. 

Ribosomal PCR with subsequent DNA sequencing is an efficient and reliable method of identifying the cause of IE, but 

exact species identification of some of the most common causes, i.e. non-haemolytic streptococci, may be improved with 

other molecular methods. 

Keywords: 16S rRNA gene, BLAST, culture independent identification, NCBI database, Streptococcus mitis group, viridans 
streptococci. 

INTRODUCTION 

 Infective endocarditis (IE) is a serious condition with a 
high mortality. Exact identification of the infecting agent is 
essential for specific and adequate antibiotic therapy. Staphy-
lococcus aureus, non-haemolytic streptococci, Enterococcus 
faecalis, and haemolytic streptococci are the most common 
causes of IE found in Denmark [1]. 

 Cardiac surgery may be necessary when the infection has 
led to severe tissue destruction. Because patients undergoing  
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surgery have almost always received antibiotic treatment 

prior to operation, bacterial culture from removed valves is 

mostly negative. PCR using universal bacterial primers of-

fers a unique possibility for detecting bacterial DNA in tis-

sue despite a negative culture result. The identity of the in-

fecting bacteria can be established by comparing the DNA 

sequence of the PCR product to databases of DNA sequenc-

es from known species. In addition to establishing the cause 

of infection after antibiotic treatment, the method allows 

detection of non-cultivable bacteria such as Coxiella 

burnetii, Tropheryma whipplei, and Bartonella quintana. In 

some populations these species are relative frequent causes 

of IE [2-4], but their frequency in IE in Denmark has not 

been established.  
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 The present prospective study was designed to establish 
the value of PCR and DNA sequencing as a routine method 
for identifying the aetiology of culture-negative IE in a Dan-
ish population and to evaluate the spectrum of infecting bac-
teria in this population. The accuracy in bacterial identifica-
tion was particularly addressed. Cardiac valve material from 
patients who did not suffer from IE was analysed in order to 
ascertain possible false positive results. Results from PCR 
and DNA sequence analyses on valves from patients with IE 
were compared to microscopy and culture. The reliability of 
species identification by PCR/DNA sequencing of the re-
moved valves was judged by comparing to results from pre-
viously obtained blood cultures, if available.  

MATERIALS AND METHODS 

Patients 

 Patients were referred for cardiac surgery at the cardio-
thoracic centre at Gentofte University Hospital from other 
hospitals in the region. Cardiac valve material was obtained 
from operation for valve replacement or other necessary 
valve surgery from two groups of patients: one group of pa-
tients undergoing surgery on non-infective indications, and 
another group with IE.  

Non-IE Patients (Control Group) 

 Tissue samples from 14 mitral and 20 aortic native 
valves, one tricuspidal, and one biological valve implant 
from patients who needed valve surgery for non-infective 
diseases were analyzed. The 36 tissue samples were from 24 
men and nine women.  

Patients with IE 

 Seventy tissue samples from 56 patients (45 men and 11 
women) were examined. Thirty two of these were from na-
tive aortic valves, 32 were from native mitral valves, one 
was from native tricuspidal valve, and five were from bio-
logical valve implants. From one patient samples were re-
ceived both from the primary operation and after re-
operation one month later, when relapse was suspected. The-
se episodes were treated as two separate patients. One of the 
patients had IE due to Candida albicans, confirmed by re-
peated blood cultures. Because the focus of the present study 
was bacterial IE, the case was included as culture-negative.  

 At the time of surgery all patients except three fulfilled 
the revised Duke criteria for IE [5]. One of the three cases 
was diagnosed with IE during cardiac surgery and DNA 
from Streptococcus pneumoniae was subsequently demon-
strated by analysis of the excised valve. 

Microbiological Examinations 

 Primary blood cultures were performed and isolated bac-
teria were identified by local clinical microbiological labora-
tories according to their individual standards before the pa-
tients were referred to the cardiac surgery centre.  

 The excised valve samples were sent to the Department 
of Clinical Microbiology, Herlev Hospital and divided in 
two parts. One part underwent standard microbiological ex-
amination including microscopy of Gram-stained smear and 
culture using the standard aerobic and anaerobic conditions 
of the laboratory. At microscopy the number of leucocytes 

(semiquantitatively noted as 0, +, ++, +++ ) and the number 
(0, +, ++, +++) and microscopic appearance of visible bacte-
ria were noted. The other part of the excised valves were 
immersed in DNA grade water and examined by PCR for 
part of the 16S rRNA gene and DNA sequencing at Statens 
Serum Institut.  

PCR and DNA Sequencing 

 The samples included in this study were handled consec-
utively as a routine procedure together with the processing of 
other samples submitted for molecular biological examina-
tion [6]. DNA was extracted using the QIAamp DNA Mini 
Kit (Qiagen, Hilden, Germany) according to the manufactur-
er’s recommendations. The primers used for PCR amplifica-
tion of the 16S rRNA gene (526 bp amplicon) were BSF-8 
(5´ - AGAGTTTGATCCTGGCTCAG - 3´) and BSR-534 
(5´- ATTACCGCGGCTGCTGGC - 3´). The Quantitect 
SYBR Green kit (Qiagen) was used for real-time PCR (50 µl 
total volume) containing 1 x PCR buffer and 0,2 µM of each 
primer. One and five µl samples were tested in PCR. The 
amplification profile was 95

o
C for 15min, followed by 40 

cycles at 94
o
C for 30s, 55

o
C for 30s, and 72

o
C for 30s. Posi-

tive PCR samples were spin column purified using Microcon 
YM-100 filter units (Millipore, Billerica, MA, USA). Both 
DNA strands of the amplicons were sequenced on an ABI 
PRISM 3100 Avant Genetic Analyzer (Applied Biosystems, 
Foster City, CA, USA) using BSF-8 and BSR-534 as se-
quencing primers and the BigDye v. 3.1 sequencing kit (Ap-
plied Biosystems). Sequencing data were edited using the 
SeqScape Software (Applied Biosystems) and the DNA se-
quences were then compared using the BLAST search en-
gine to deposited sequences in the NCBI database, taking 
into consideration % / number of identities, Max scores and 
E-values for the best and the next best taxon matches.  

 DNA sequences that resulted in low discrimination be-
tween species were further analysed using the Ribosomal 
Database Project (http://rdp.cme.msu.edu) using default 
setting except for including cultured strains only and 
EzBioCLoud (www.ezbiocloud.net). 

RESULTS  

Examination of Valves in Patients with Non-infective 
Valve Disease 

 Microscopy of the 36 valve tissue samples from the pa-
tients without IE showed varying numbers of leucocytes, but 
no bacteria were visible in any sample. All samples were 
negative by culture, except for one, from which one colony 
of Enterococcus faecalis was cultured. Based on careful ex-
amination of clinical and laboratory parameters the culture 
result was judged as due to contamination. DNA from 
Propionibacterium acnes was identified from seven of the 
samples. 

Valves from Patients with IE 

 Forty three of the 56 patients with IE had a positive cul-
ture result from either blood or valve material, or both  
(Table 1). The bacterial species identified by culture were 
mostly typical causes of IE. One case of IE due to Escherich-
ia coli and three cases caused by haemolytic streptococci 
group B (Streptococcus agalactiae) were noted. 
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 There was no relation between the number of leucocytes 
and the detection of bacterial DNA in the valves. In tissue 
samples with estimated 0, +, ++, and +++ leucocytes the 
number with/without identification of significant bacteria 
from PCR were 9/3, 17/10, 15/4, and 8/2, respectively.  

 Bacteria were visible by microscopy in 22 of 67 exam-
ined valves. Significant bacteria were cultured from 8 and 
identified by PCR and DNA sequencing in 20 of the valves 
with visible bacteria. The microscopic appearances of the 
bacteria were in agreement with species identification by 
DNA sequencing. Bacteria were identified by DNA sequenc-
ing in 29 out of 46 samples without visible bacteria.  

Species Identification by DNA Sequencing and BLAST 
Search 

 Bacterial identification was obtained for 42 patients by 
PCR and DNA sequencing, including five out of 13 patients 
with negative culture results (Table 1). The bacteria identi-
fied in these five cases included two S. pneumoniae, one S. 
anginosus, and one S. mutans. In one culture-negative case 
BLAST analysis resulted in either S. sanguinis or S. mitis. 

 The species determined by DNA sequencing and BLAST 
search in the NCBI database are shown in Table 2. It appears 
that the bacterial species identified in this material were all 
cultivable bacteria. Most bacteria were identified at the spe-
cies level with high accuracy by PCR for 16S rRNA of ex-
cised valve material with subsequent DNA sequencing of the 
PCR product. Differentiation between species among non-
haemolytic streptococci was generally difficult (see below). 
Twenty-one patients (34% of all patients or 40% of patients 
for whom a bacterial diagnosis was established) were identi-
fied by DNA sequencing as being infected by non-
haemolytic streptococci or S. pneumoniae.  

Inconclusive Species Identifications 

 In order to establish if there were species of bacteria for 
which PCR and DNA sequencing did not perform satisfacto-
ry, the material was analyzed for identifications with ac-
ceptable length of the obtained sequence (arbitrary set to 
more than 300 bp) where the difference in maximum score 
between best and second best taxon matches was less than 
20. In 12 patients, i.e. 29% of patients with a bacterial diag-
nosis established by DNA sequencing, discrimination be-
tween species was problematic. As seen in Table 3, no prob-
lems were encountered at the genus level, but exact species 
identification was in particular difficult among non-
haemolytic streptococci of the mitis group, involving S. mitis 
itself as a possible agent in 10. Of these 10 cases, three had 
negative culture results from valves and blood. Mostly, the 

curated databases Ribosomal Database Project and ElBio-
Cloud confirmed the identifications obtained from the non-
curated NCBI database. 

DISCUSSION 

 In each individual case of IE the choice of antibiotic 
treatment depends on knowledge of the etiological agent, as 
does the prognosis [1]. Culture of bacteria, especially from 
blood, is a cornerstone in the diagnosis of IE, both providing 
a major diagnostic criterion and establishing the identity and 
antibiotic susceptibility of the aetiological agent. When cul-
tures from blood and excised valves are negative, a final 
bacterial diagnosis may be established by culture-
independent techniques, and positive identification by mo-
lecular techniques has been suggested as a new diagnostic 
Duke criterion [7,8]. PCR of part of the 16S rRNA gene with 
DNA sequencing of the PCR product appears as an attractive 
method for identifying bacteria causing IE of unknown aeti-
ology, and in the present study it provided bacterial identifi-
cation in five out of 13 culture-negative cases. 

 In the present study DNA from P. acnes was detected in 
seven out of 37 samples from patients without IE and in one 
sample from a patient with IE. Although Propionibacterium 
species may cause IE, especially in prosthetic valves [9,10], 
the present findings may be a result of contamination. In the 
present study no negative control material was forwarded to 
the laboratory in parallel with the samples. The findings em-
phasize the importance of critical interpretation of results 
obtained by molecular technology and of optimizing proce-
dures to avoid contamination from handling and transporta-
tion of samples. Still, the possibility that DNA from P. acnes 
was indeed present in the valves remains. Future studies 
have to clarify the possible role of P. acnes in cardiac valve 
disease. 

The patients included in the present study represented a se-
lected group of patients suffering from IE since only patients 
referred for surgery could be included. Baseline characteris-
tics and prognosis differs between groups of patients with IE 
receiving surgery and patients treated with antibiotics alone 
1. 

 Leucocyte infiltration as estimated by standard micros-
copy was not an indicator of presence of bacterial DNA in 
heart valve material in the present study. Therefore decisions 
on whether to perform PCR in individual cases should not 
rely on the result of the presence of leucocytes in the valve 
material. Neither should lack of visible bacteria lead to re-
fraining from pursuing PCR and DNA sequencing, because 
bacteria were demonstrated and identified in approximately 
two thirds of samples without visible bacteria.  

 The species identified in the present study were largely 
well known causes of IE, mainly non-haemolytic streptococ-

Table 1. Number of Patients with Positive Culture Results from Blood, Valve Tissue, or Both, and with Negative Culture Results 

Within the Groups of Patients with a Positive or Negative PCR Result, Respectively 

 Culture +, Blood Culture +, Tissue Culture +, Both Culture -, Both Total 

PCR+ 30 1 6 5 42 

PCR- 6 0 0 8 14 

Total 36 1 6 13 56 
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ci, enterococci, and Staphylococcus aureus. The three cases 
of IE due to S. agalactiae were unexpected as this has been 
considered a rare cause of IE [11]. In all cases, group B 
haemolytic streptococci had been cultured from blood before 
cardiac surgery. The incidence of bacteraemia caused by 
group B streptococci has been increasing in Denmark as well 

as in USA in recent years [12,13] and the present finding 
may represent a true increase in IE caused by this bacterium.  

 At present we have no explanation for the finding of 
DNA from a Clostridium species on valve material in one 
patient from whom S. aureus had been cultured from the 

Table 2. Bacteria Identified by DNA Sequencing of PCR Products from Partial Amplification of the 16S rRNA Gene from Cardiac 

Valves and Culture Results from the Patients 

Bacterial Identification by DNA Sequencing of 

PCR Product From Valves 

Number of Samples / no. of 

Patients 

Bacteria Isolated by by Culture (Blood and/ or Valve) from 

the Same Patients at the Local Department of Clinical 

Microbiology (N= number of Patients) 

Abiotrophia defectiva 2/1 A. defectiva (N=1) 

Aerococcus urinae 1/1 A. urinae (N=1) 

Aggregatibacter actinomycetemcomitans 1/1 A. actinomycetemcomitans (N=1) 

Cardiobacterium valvarum 1/1 C. valvarum (N=1)) 

Clostridium species 1/1 Staphylococcus aureus (N=1) 

Eschericia coli 3/1 E. coli (N=1) 

Enterococcus faecalis 7/7 E. faecalis (N=6) 

Negative (N=1)* 

Gemella haemolysans or Gemella morbillorum 2/1 Gemella species (N=1) 

Granulicatella adiacens 2/1 G. adjacens (N=1) 

Propionibacterium acnes** 1/1 E. faecalis (N=1) 

Streptococcus anginosus 1/1 Negative (N=1) 

S. gordonii 1/1 S. gordonii (N=1) 

S. gordonii or S. mitis 1/1 S. gordonii 

S. mitis 3/3 S. mitis (N=2) 

S. oralis (N=1) 

S. mutans 3/3 S. mutans (N=1) 

S. anginosus (N=1) 

Negative (N=1) 

S. oralis 2/2 S. oralis (N=1) 

Unidentified Streptococcus species (N=1) 

S. oralis or S. mitis 1/1 S. oralis (N=1) 

S. sanguinis  4/4 S. sanguinis (N=3) 

Negative (N=1) 

S. sanguinis or S. mitis 1/1 Negative (N=1) 

S. gallolyticus subsp. gallolyticus 1/1 S. bovis 

S. aureus 4/6 S. aureus (N=4) 

S. agalactiae 3/3 Group B haemolytic streptococcus (N=3) 

S. pneumoniae 3/3 S. pneumoniae (N=1) 

No DNA sequences obtained 2/2 S. mitis (blood) & P. acnes (valve) (N=1) 

Negative (N=1) 

* No bacteria obtained by culture. 
** P. acnes was identified from one of two samples from the mitral valve. E. faecalis was detected in the other sample.  
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blood. Most likely the molecular identification was due to 
contamination of the sample. 

 Studies from different parts of the world have focused on 
the use of PCR and DNA sequencing in IE 14-23. Results 
have varied, especially with respect to the number of non-
cultivable bacteria detected. Using PCR and DNA sequenc-
ing of the 16S rRNA gene Podglainjen et al. [24] demon-
strated three cases of B. quintana and one case of B. henselae 
in six culture-negative infected heart valves. Three of the 
patients with endocarditis caused by Bartonella species in 
that study were from Africa. No non-cultivable bacteria were 
identified in the material presented here. Another Danish 
study reported two cases of IE caused by T. whipplei [23]. 
Surprisingly, Q fever endocarditis has been found in Den-
mark in a patient from Greenland [25]. Despite recognition 
of C. burnetii being prevalent in cattle in Denmark and the 
presence of low level antibodies in occupationally exposed 
persons [26], Q fever is very rare in Denmark and no cases 
of Q fever endocarditis aquired in Denmark have been re-
ported. A few cases of IE due to B. quintana have been 
found in Denmark (unpublished observation). Thus it seems 
that the reason for negative culture results in Danish cases of 
IE is only rarely infections with non-cultivable bacteria. 
Similar findings have recently been reported from Sweden 
[27].  

 As intense antibiotic treatment is most often initiated 
before surgery takes place, culture of valve material would 
usually be negative, as in the material presented here. How-
ever, bacterial DNA has been reported to persist in heart 
valves for months or even years after successful treatment of 

IE [28,29]. It is important that a past history of well-treated 
IE does not lead to a false positive interpretation of results 
obtained by molecular examination of excised valves [30]. 

 One of the cases with negative results from PCR and 
bacterial culture in the present study had infective endocardi-
tis caused by C. albicans. Supplementing PCR for bacterial 
DNA with a universal fungal PCR will probably further in-
crease the number of patients for whom the cause of IE can 
be established [19]. 

 In general, comparing obtained partial DNA sequences of 
the 16 S rRNA gene to the NCBI database resulted in excel-
lent bacterial identification. However, for S. pneumoniae and 
viridans streptococci, particularly S. mitis, there were serious 
difficulties in discriminating between species. Although not 
of significance to treatment, the lack of unambiguous identi-
fication is unsatisfactory, especially because in between of 
15% and 44% of the cases the bacteria causing IE are 
viridans streptococci [1]. Using the same technique as in the 
present study, similar difficulties have been found on bacte-
rial strains isolated from the blood of patients with and with-
out IE [31]. Other targets for DNA sequencing than the 16S 
rRNA gene may be valuable in distinguishing between spe-
cies within the group of non-haemolytic streptococci [32]. 
The usefulness of such alternative targets in identification of 
bacteria by universal PCR and DNA sequencing should be 
investigated in future studies. 
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Table 3. Bacteria identified by DNA sequencing of PCR products obtained from cardiac valves. Best and second best match of 

BLAST search in the NCBI database and the difference in max scores are shown for bacterial identifications with differ-

ences in score value less than 20. Best matching species in the Ribosomal Database Project and EzBioCloud are shown for 

the same amplicon DNA sequences. 

NCBI Database 

Best Match  

NCB Database 

Second Best Match 

Max Score Dif-

ference 

Ribosomal Data-

base Project 
EzBioCloud 

Culture  

Result 

Streptococcus pneumoniae S. mitis 3 S. pneumoniae S. pneumoniae S. pneumoniae 

S. mitis or S. gordonii - * 0 S. gordonii S. gordonii S. gordonii 

S. mitis S. pneumoniae 5 S. mitis S. mitis S. mitis 

S. sanguinis S. oralis 7 S. sanguinis S. sanguinis S. sanguinis 

S. pneumoniae S. mitis 9 S. pneumoniae S. pneumoniae Negative 

S. pneumoniae S. mitis 16 S. pneumoniae S. pneumoniae Negative 

S. oralis or S. mitis - 0 S. oralis S. orisratti S. oralis 

S. mitis or S. sanguinis - 0 S. mitis or S. oralis S. pseudopneumoniae S. oralis 

S. gordonii S. mitis 8 S. gordonii S. gordonii S. gordonii 

S. gordonii S. mitis 15 S. gordonii S. gordonii S. gordonii 

S. sanguinis S. mitis or S. oralis or S. 

pneumoniae 

16 S. oralis or S. mitis 

or S. sanguinis 

S. oralis Negative 

Gemella haemolysans or G. 

morbillorum  

- 0 G. mobilliorum G. mobilliorum Gemella spe-

cies 

* - Same max score value by more than one species. 
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