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Etiologic Agents in Infective Endocarditis

Agent % of Cases
Streptococci 60 – 80
  Viridans streptococci 30 – 40
  Enterococci 5 – 18
  Other streptococci 15 – 25
Staphylococci 20 – 35
  Coagulase - positive 10 – 27
  Coagulase - negative 1 – 3
Gram - negative aerobic bacilli 1.5 – 13
Fungi 2 – 4
Miscellaneous bacteria < 5
Mixed infections 1 – 2
Culture - negative < 5 – 24

Table 65-6, In Principles and Pratice of Infectious Diseases, Mandell, GL. et al. Ed, 2000, 5th ed., vol1:
1-1534
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Diagnostic strategy for IEDiagnostic strategy for IE

Blood culture negative endocarditis

Serology

PCR on blood or valve

Valve histology 

Blood culture
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Blood cultureBlood culture
– Blood cultures:

2 thirds of cases 
positive in IE

– The first in 95%

– The 2 firsts in 98%
Werner et al, JAMA, 1967

– Then 3 samples are enough



Effects of volume and periodicity on blood cultures, Li J. et al., JCM, 1994.

Volume and periodicity of blood culture

Sensitivity:

– 40 to 60 ml at any moment

– 5 days incubation enough to detect HACECK bacteria

Blood cultureBlood culture

Baron EJ, et al. Prolonged incubation and extensive subculturing do not increase recovery of 
clinically significant microorganisms from standard automated blood cultures. 

Clin Infect Dis 2005;41(11):1677-80.
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Antibiotics prescribed before samplingAntibiotics prescribed before sampling

– Significantly lower positivity
 

rate from 
100% to 88%

Pazin et al., Arch Intern Med, 1982

– Specifically streptococci are very 
susceptible to prior antibiotic administration

Blood cultureBlood culture
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Diagnostic strategy for IEDiagnostic strategy for IE

Valve histology 

Blood culture

Blood culture negative endocarditis

Serology

PCR on blood or valve
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87 papers in 5 years
20 from our team
8 reporting PCR
Bartonella : 18
Q fever : 6
Fungi : 4 (Candida : 2, Histoplasma : 2
Abiotrophia / Granuticella : 2
Coagulase negative staph : 2
Finegoldia magna : 2
Streptococcus, Capnogtaphaga, Hemophilus, Whipple’s disease, 
Salmonella, Mycoplasma, Chlamydia : 1

Bibliography Search Bibliography Search --
 

Strategy: Strategy: PubMedPubMed 20062006

KEY WORDSKEY WORDS
 

: : BCNE (English) -
 

(Humans)

Blood Culture Negative IEBlood Culture Negative IE
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Brouqui P, Raoult D. New insight into the diagnosis of fastidious bacterial endocarditis. 
FEMS Immunol Med Microbiol. 2006, 

common

rare
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Brouqui P, Raoult D. New insight into the diagnosis of fastidious bacterial endocarditis. 
FEMS Immunol Med Microbiol. 2006, 

(Cont)

Very rare
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Lam as  &  E ykin ,
H eart,2003

H oen  et a l.
C ID , 1995

R aou lt et a l.
(defin ite  IE )
1994-2002

N um ber 63 88 60
C . burnetii 8 7(35  tested ) 22
B arto nella 6 - 5
O ther fas tid ious  b ac teria
(C h lam ydia , M ycop lasm a, T .
w h ip p le i)

1 2 1

V alve  cu ltu re
or P C R  b acteria 6 5 8
V alve  cu ltu re  yeast 3 - 2
O ther tes ts 7 1 3
N o organ ism s 32 (51% ) 70  (80% ) 21(35% )
     - A n tib io tic 42
     - B e fore  testin g 18
     - A b scess 2
     - In fected  P ace M aker 1

Blood Culture Negative Blood Culture Negative EndocarditisEndocarditis



Marseille collection of 348 
BCN I.E./ 1983-2001

Nb (%) Serology Culture PCR

C. burnetii 167 (48 %) 167 61 41
Bartonella 100 (30 %) 99 23 47
T. whipplei 2 (1%) 0 1 2
M. hominis 1 0 0 1
G. elegans 1 0 0 1
L. pneumophila 1 1 0 0
Streptococcus sp. 4 0 0 4

Blood Culture Negative Blood Culture Negative EndocarditisEndocarditis

Houpikian P, Raoult D. Blood culture-negative endocarditis in a reference center: 
etiologic diagnosis of 348 cases. Medicine (Baltimore). 2005;84(3):162-73.



Diagnostic strategy for BCNEDiagnostic strategy for BCNE

Valve histology 

Serology

PCR on blood or valve
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OBJECTIVES :OBJECTIVES :

–– STANDARDIZE AND TAG SAMPLESSTANDARDIZE AND TAG SAMPLES

–– DIMINISH % OF BCNIDIMINISH % OF BCNI

–– DIMINISH NUMBER OF SAMPLES DIMINISH NUMBER OF SAMPLES 

–– DIMINISH DELAY FOR STARTING TREATMENTDIMINISH DELAY FOR STARTING TREATMENT

The KITThe KIT
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Biological diagnostic of I.E. based on 3 
blood culture sampled early before 
treatment

Serological testing of:
– Rheumatoid factor
– Coxiella burnetii
– Bartonella sp.
– Brucella (in endemic countries)

The KIT The KIT 
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The KITThe KIT
3 blood sampling

+

- serology 

- rheumatoid factor

4 hours

Usual: 3 blood sampling T

If negative: 24 hours

3 new blood sampling

As many as 24 blood 
sampling when negative in 
7days.

Then serology in 10 - 70% of 
cases
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3 blood culture (in 4 hours)

Serology testing
– Bartonella (cut of ≥

 
800

 
IFA)

– Coxiella burnetii (cut of ≥
 

800 IgGI
 

-IFA)

– Aspergillus (ELISA)

– Brucella sp. (≥
 

160 IFA)

– Legionella pneumophila (≥
 

256 IFA)

Rheumatoid factor detection

The KIT The KIT D. D. RaoultRaoult
 

et alet al. J. . J. ClinClin. . MicrobiolMicrobiol..
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1383 patients tested in Marseilles from 1994 to 2002

Classified according to modified Duke Criteria

Definite in 291 (21%)

Possible in 131 (11%)

Etiological diagnosis in definite case:
– by blood culture 79%
– serology 10%
– cardiac valve testing

The KITThe KIT



Raoult
 

D, et al. Contribution of systematic serological testing in diagnosis of infective 
endocarditis.  J Clin

 

Microbiol. 43: 5238-42.
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Resulted in

Upgraded classification in 50 patients

– 31 possible -
 

definite

– 19 rejected -
 

possible

Etiological diagnosis of 30 cases (including a 
double infection Streptococcus - C. burnetii)

We believe that systematic serological testing 
save time and money

The KITThe KIT



Diagnostic strategy for BCNEDiagnostic strategy for BCNE

Valve histology 

Serology

PCR on blood or valve
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La Scola B, et al. Serological cross-reactions between Bartonella quintana, Bartonella 
henselae, and Coxiella burnetii. J Clin Microbiolgy, 1996; 34:2270-74.

Serology Serology --  Q fever IEQ fever IE
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High level antibodies. Some level
for B. henselae and B. quintana.

Cross reactions between
Bartonella, Chlamydia, and 
Coxiella burnetii
agents of culture-negative
endocarditis
-> cross adsorption, western 
bloting

Bartonella
and

C. burnetii

Bartonella
and

Chlamydia

Blood Culture 
Negative Endocarditis

Bartonella

SerologySerology



SerologySerology



La Scola B, et al. Serological cross-reactions between Bartonella quintana, Bartonella 
henselae, and Coxiella burnetii. J Clin Microbiolgy, 1996; 34:2270-74.

SerologySerology U
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Diagnostic strategy for BCNEDiagnostic strategy for BCNE

Valve histology 

Serology

PCR on blood or valve
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Valves sampling is essential Valves sampling is essential 

Valve Valve 
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PCR targeting 16S rRNA

 

gene

negative Positive: reliable?

Confirm serology, valve or blood cultures?

probable certain

PCR targeting a 2nd gene

negative Positive and congruent sequence

No

PCR targeting a 3rd gene

Yes

No Yes

negative Positive and congruent sequence

PCR on PCR on 
valvevalve
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Greub
 

G, et al. Diagnosis of infectious endocarditis
 

in patients 
undergoing valve surgery. 

Am J Med. 2005;118:230-238.
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Greub
 

G, et al. Diagnosis of infectious endocarditis
 

in patients 
undergoing valve surgery. 

Am J Med. 2005;118:230-238.



PCR of the valve in blood culture negativePCR of the valve in blood culture negative
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Q fever
Legionella
Bartonella

Bartonella
Streptococci
T. whipplei
Fungi
Diphteroides
S. aureus
S. epidermidis
HACEK
Others 

187
1

57

6
19
10
8
4
4
2
3

10

423 patients 423 patients seriesseries
Diagnostic: 312 (74%)

No Diagnostic: 111 (26%)

SerologySerology

PEER + PCR on valvePEER + PCR on valve

Marseille 2002 -
 

2007

63



Brouqui P, Raoult D. New insight into the diagnosis of fastidious bacterial 
endocarditis. FEMS Immunol Med Microbiol.

2006;47: 1-13.
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19 blood culture positive (8 + Septifast ® Roche))

20 treated blood culture positive (3 + Septifast ® Roche):15%

12 EIHN not included (0)

10 infection on intracardiac device (0)

PCR on bloodPCR on blood
Septifast ® Roche and I.E.: We tested 63 patients

May be useful in EIHN who received antibiotic 
treatment.

Problems :  - Volume

- Spectrum (no HACEK, Coxiella, Bartonella)

- Interpretation (low level Spectro, S. epidimidis) U
R



Diagnostic strategy for BCNEDiagnostic strategy for BCNE

Valve histology 

Serology

PCR on blood or valve
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Only vegetation, microorganisms and valvular
inflammation including polymorphonuclears have 
a 100% specificity

Gold standard (definite criterion)

Inflammation may be considered a major 
criterion

Immunohistochemistry help to diagnose 
etiology

Valve HistologyValve Histology
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Immunohistochemistry: CD15Infective endocarditis
 

(HPS)

Valve HistologyValve Histology

True IEVegetation Polymorphonuclears



Valvular bioprosthesis 
Non-infective degenerative lesions

Organized 
thrombus

Mononuclear 
cell

Bioprosthesis

Valve HistologyValve Histology
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Only 70% of patients with mechanic valve, 
histologically proven IE, have vegetations

Lepidi H, et al. Quantitative histological examination of mechanical heart valves.

Clin Infect Dis. 2005;40:655-661
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Hematoxylin-eosin-saffron

Warthin-Starry stainingImmunohistochemistry

Lepidi
 

H. Am J Clin
 

Pathol, 2000.

Hematoxylin-eosin-saffron

Valve HistologyValve Histology

Bartonella U
R
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Hematoxylin-eosin-saffron

Immunohistochemistry

Lepidi H. J Infect Dis, 2003.

CD 68

Hematoxylin-eosin-saffron

Valve HistologyValve Histology

Coxiella
 

burnetii
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Hematoxylin-eosin-saffron

Immunohistochemistry

Lepidi H. J Infect Dis, 2004.

PAS staining

Hematoxylin-eosin-saffron

Valve HistologyValve Histology

Whipple
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Culture - low sensitivity

Histology - not evaluated

PCR - is it a new duke criteria?

Valve Valve 



"Culture negative endocarditis"
In patients with previously known
valvulopathy +++
In immunocompromised patients
Atypical presentation (fever and 
vegetations are lacking)
Mean diagnostic delay: 12 month
First case of IE in males younger than
65 years with a prothesis in Marseille
Prognosis: 23 % of cases are fatal
– Marseille 1984 : 65 %
– Marseille 2000 :  5 %

Blood Culture Negative Blood Culture Negative EndocarditisEndocarditis

Q feverQ fever
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Primary infectionExposure

PathophysiologyPathophysiology
Asymptomatic (50%) 

Symptomatic- aérosol
- milk product

mild 
undiagnosed

severe, diagnosed (3-7 
%), males, middle age

fever, 
pneumonia 
hepatitis

Chronic Infection 
in Special Host

During pregnancy, abortion, 
chronic carriage

Valve lesion (2 %), valve 
abnormality

endocarditis
Endocarditis (30-60 %) in 2 
years

Cancer (lymphoma)



Serology: Modified Duke 
endocarditis service criteria (IFA: 
IgG phase I > 800; sensitivity 98 %, 
specificity 100 %)

Isolation (Shell vial technique): 
blood and heart valves
Immunofluorescence or  
Immunohistochemistry: heart
valves
PCR

Blood Culture Negative Blood Culture Negative EndocarditisEndocarditis
Q feverQ fever
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B. quintana, B. henselae, B. 
elizabethae
~ 3 % of all endocarditis cases
In France, Canada, UK (?)
Rare in Northern Europe,

>10% in Northern Africa
males > females
aortic valve > mitral valve
extensive valve damage

Blood Culture Negative Blood Culture Negative EndocarditisEndocarditis

BartonellaBartonella
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Znazen A. et al. high prevalence of Bartonella quintana 
endocarditis in sfax, Tunisia. Am J Trop Med Hyg. 2005;72: 503-7.
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Benslimani A, Fenollar F, Lepidi H, Raoult D. Bacterial zoonoses 
and infective endocarditis, Algeria. Emerg Infect Dis. 

2005;11 : 216-224.
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Brouqui P, Raoult D. New insight into the diagnosis of fastidious bacterial 
endocarditis. FEMS Immunol Med Microbiol.

2006;47: 1-13.

U
R



42 year old man
IQ of 54, encephalitis during childhood
Rheumatic Fever ? 
1997 - severe aortic insuffisency

cardiac insuffisency
May 1998 vegetation on mitral 

valve at the echography
No fever, no diarrhea
Surgery of the valve
No general Whipple’s disease

PAS staining

Blood Culture Negative Blood Culture Negative EndocarditisEndocarditis
WhippleWhipple’’s diseases disease
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Fenollar
 

F, Puéchal
 

X, Raoult
 

D. Whipple’s disease. 

New Engl
 

J Med. 2007;356:55-66.
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Fenollar
 

F, Puéchal
 

X, Raoult
 

D. Whipple’s disease. 

New Engl
 

J Med. 2007;356:55-66.
Feature Value
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