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Bartonella endocarditis is a severe disease for which blood cultures frequently remain negative. We tested
three PCR assays by using specimens of serum sampled early during the disease from 43 patients diagnosed
in our laboratory as having Bartonella endocarditis on the basis of serological, culture, and/or valvular
molecular detection. We tested a two-step nested PCR (TSN-PCR), a one-step nested PCR (OSN-PCR) with a
regular thermal cycler, and a one-step nested PCR with the LightCycler (LCN-PCR). These assays were
performed with primers derived from the riboflavin synthase-encoding gene ribC, never before amplified in our
laboratory. Due to contamination of negative controls, the results of the TSN-PCR were not interpretable, and
this technique was no longer considered. The LCN-PCR had a specificity of 100% and a sensitivity of 58.1%,
higher than those of the OSN-PCR (18.6%; P < 0.01) and prolonged blood culturing (7.1%; P < 0.01). The
LCN-PCR results correlated strictly with those of other direct diagnostic tests, when available, and identified
the causative species for six patients previously diagnosed on the basis of serological analysis only. The efficacy
of the LCN-PCR was not influenced by antibiotics (P � 0.96) but was altered by prolonged storage of serum
specimens at �20°C (P � 0.04). Overall, the LCN-PCR is specific and more sensitive than traditional methods
(i.e., culturing and/or PCR with EDTA-treated blood). It can easily be applied to the diagnosis of patients with
suspected Bartonella endocarditis, especially when only serum is available.

Among the 19 currently recognized Bartonella species, 7
have been implicated in human diseases (17). Of these, four
have been recognized as causative agents of blood culture-
negative endocarditis in humans: Bartonella quintana, Bar-
tonella henselae, Bartonella elizabethae, and Bartonella vinsonii
subsp. berkhoffii (32). Bartonella endocarditis represents 3% of
all cases of endocarditis and thus is as frequent as Coxiella
burnetii endocarditis (4). To date, 113 proven cases have been
reported in the international literature, including 101 by our
group (1, 3, 5–8, 10, 12–16, 18, 23–25, 27, 29, 32–34). B. quin-
tana and B. henselae are responsible for most of these cases
(10), with only one case each of B. elizabethae and B. vinsonii
subsp. berkhoffii endocarditis reported to date (6, 32). Bar-
tonella endocarditis is associated with risk factors already iden-
tified for B. quintana and B. henselae. B. quintana occurs more
often in homeless people and/or people with alcoholism who
are in contact with body lice and who have no known valvular
disease, while B. henselae occurs in patients who have contact
with cats and/or cat fleas and who have previously diagnosed
valvular disease (10).

Usually, the microbiological diagnosis of infective endocar-
ditis relies on direct evidence of the causative agent, with blood
culturing being the most commonly used method. Unfortu-
nately, culture methods have demonstrated poor sensitivity for
Bartonella endocarditis due to the fastidious nature of these
bacteria, especially when culturing is used for specimens from
patients already treated with antimicrobial agents (20). In con-

trast, immunohistochemical analysis (21) and PCR amplifica-
tion from valvular biopsy specimens (10) are the most useful
tools, but material for these tests is not always available. Re-
cently, Fournier et al. (11) demonstrated that indirect immu-
nofluorescence has a positive predictive value for Bartonella
infection of 95% for an immunoglobulin G (IgG) titer to B.
henselae and/or B. quintana of �1:800 in patients with endo-
carditis. However, due to cross-reactions among bartonellae,
indirect immunofluorescence cannot reliably identify the caus-
ative species (11).

The development of an approach for identifying bacterial
DNA in serum, which is easily obtained from patients and may
be stored frozen for long periods, is of interest. However, the
usual one-step PCR amplification from such a specimen may
not achieve sufficient sensitivity (10). In recent studies, in order
to increase the detection threshold, we developed for rickett-
sial diseases a nested PCR assay. To avoid contamination by
PCR products issued from previous amplifications, this nested
PCR was carried out with primers targeting short, single-use
gene fragments, a technique previously described as “suicide
PCR” (26). In this assay, we used primers never used before in
our laboratory, and we did not include any positive control, in
order to avoid contamination. This technique was successfully
applied to serum specimens from patients with rickettsial in-
fections (28, 30).

In the present study, we evaluated a similar nested PCR
performed directly on serum for the diagnosis of Bartonella
endocarditis. For this purpose, we compared two tests done
with a conventional thermal cycler: a two-step nested PCR
(TSN-PCR) and a one-step nested PCR (OSN-PCR), in which
we combined the primary and secondary amplifications with-
out opening the reaction tubes. In addition, we implemented
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IFR 48, CNRS UMR 6020, Faculté de Médecine, Université de la
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the same nested PCR with the real-time LightCycler PCR
system (Roche Diagnostics, Mannheim, Germany), hereafter
referred to as LightCycler nested PCR (LCN-PCR). The sen-
sitivities of the nested PCR assays were compared with those of
other diagnostic tests. The riboflavin synthase-encoding gene
(ribC), which has been shown to differentiate Bartonella species
(2) and which had never been used before in our laboratory,
was a good candidate for the detection and identification of
Bartonella in clinical specimens.

MATERIALS AND METHODS

Study design and case definition. We performed TSN-PCR, OSN-PCR, and
LCN-PCR for patients with proven Bartonella endocarditis and from whom at
least 200 �l of serum was available. Some of the serum samples had been thawed
and refrozen several times, in particular, those stored for longer periods, but the
exact number of thawing-freezing cycles was not available.

Definite endocarditis was defined according to the modified Duke criteria for
the diagnosis of infective endocarditis (22). Definite Bartonella infection was
diagnosed when a Bartonella species was recovered by culturing or PCR ampli-
fication from valvular biopsy specimens as previously described (10) and/or when
patients exhibited an IgG antibody titer to B. quintana or B. henselae of �1:800
(11). We compared the sensitivities of all blood-based assays, except for sero-
logical analysis, which was used as a diagnostic criterion.

In order to estimate the specificities of the TSN-PCR, LCN-PCR, and OSN-
PCR assays, we also tested 100 patients with endocarditis caused by other
microorganisms. These patients had a median age of 63 years, 72 were male, and
28 were female. These control patients were infected as follows: 20 with Strep-
tococcus viridans, 18 with Streptococcus bovis, 16 with Staphylococcus aureus, 10
with Escherichia coli, 9 with Enterococcus faecalis, 9 with C. burnetii, 5 with
coagulase-negative staphylococci, 3 with Streptococcus pneumoniae, 2 with Neis-
seria sicca, 1 with Streptococcus agalactiae, 1 with Gemella morbillorum, 1 with
Actinobacillus actinomycetemcomitans, 1 with Enterobacter cloacae, 1 with Kleb-
siella oxytoca, 1 with Stenotrophomonas maltophilia, 1 with Haemophilus
aphrophilus, and 1 with Haemophilus paraphrophilus. We did not have serum
from patients with endocarditis caused by Brucella, which is one of the bacterial
genera that causes endocarditis and that is most closely related to Bartonella.

Questionnaire. A standardized questionnaire was completed for each patient
with Bartonella endocarditis. Recorded data included those used in the diagnos-
tic score of the Duke Endocarditis Service (22); previous antibiotic therapy;
valvular surgery; and the presence of environmental exposure factors, such as
homelessness, chronic alcoholism (�100 g of alcohol per day for more than 1
year), presence of body lice, immunodeficiency, and contact with cats and/or cat
fleas.

Serological analysis and culturing. All tested serum specimens were kept
frozen at �20°C until further analysis. We used serum sampled early following
the diagnosis of endocarditis, i.e., within 1 month. Serological analysis by micro-
immunofluorescence (MIF) and blood and valvular biopsy specimen culturing
was carried out as previously reported (10, 19). Some of the serum samples had
been thawed and refrozen several times for previous serological studies.

Molecular methods. (i) DNA extraction. Total genomic DNA was extracted
from serum samples by using a QIAamp blood kit (Qiagen, Hilden, Germany) as
described by the manufacturer. Two hundred microliters of serum was used. Fifty
microliters of elution buffer was used to resuspend the DNA. Genomic DNA was
stored at 4°C until used as a template in PCR assays.

(ii) PCR amplification. For all PCR assays, DNA samples were processed
carefully to avoid the risk of cross-contamination. DNA extraction, mixture
preparation, and PCR were performed in different rooms to prevent PCR car-
ryover contamination.

(iii) TSN-PCR assay. We conducted the TSN-PCR with a PTC-200 automated
thermal cycler (MJ Research, Waltham, Mass.) (Fig. 1A) and Elongase DNA
polymerase (Gibco-BRL, Cergy Pontoise, France). For the primary amplifica-
tion, the 25-�l reaction mixture consisted of the following (final concentrations):
primers ZRib1F (5�-CGGATATCGGTTGTGTTGAA-3�) and ZRib1R (5�-CA
TCAATRTGACCAGAAACCA-3�), purchased from Eurogentec (Seraing, Bel-
gium) (0.5 pmol �l�1 each); deoxynucleoside triphosphates (dATP, dCTP,
dGTP, and dTTP) (0.2 mM each); 1 �l of Elongase buffer A (Gibco-BRL); 4 �l
of Elongase buffer B (Gibco-BRL); 0.6 �l of Elongase enzyme mix (Gibco-BRL);
2.5 �l of the DNA preparation; and sterile water. The amplification was per-
formed under the following conditions: an initial 4 min of denaturation at 94°C
was followed by 44 cycles of denaturation for 30 s at 94°C, annealing for 30 s at

57°C, and extension for 45 s at 68°C. The amplification was completed by keeping
the sample at 68°C for 10 min to allow complete extension of the PCR products.
Two microliters of primary amplification product was used as a template for the
secondary amplification with internal primers Zrib2F (5�-GCATCAATTGCGT
GTTCA-3�) and Zrib2R (5�-CCCATTTCATCACCCAAT-3�) and the condi-
tions described above, except for an annealing temperature of 52°C. PCR prod-
ucts from the second amplification were separated by electrophoresis on 1%
agarose gels, visualized by staining with ethidium bromide, and then purified by
using a QIAquick PCR purification kit (Qiagen) as described by the manufac-
turer.

(iv) OSN-PCR assay with a standard PCR machine. We combined the primary
and secondary PCR steps of the TSN-PCR assay into a single PCR (Fig. 1B). We
used a PTC-200 thermal cycler and Elongase DNA polymerase. The 25-�l
reaction mixture consisted of the following (final concentrations): primers (1
pmol �l�1 each), deoxynucleoside triphosphates (dATP, dCTP, dGTP, and
dTTP) (0.4 mM each), 2 �l of Elongase buffer A, 8 �l of Elongase buffer B, 1.2
�l of Elongase enzyme mix, 2.5 �l of the DNA preparation, and sterile water.
The amplification was performed as described above with 35 cycles for the
primary PCR and 33 cycles for the secondary PCR. The amplification was
completed by keeping the sample at 68°C for 10 min to allow complete extension
of the PCR products.

(v) LCN-PCR assay. We used a LightCycler thermal cycler, which allows
real-time detection of amplified DNA with respect to the number of cycles. In
order to determine the optimal amplification conditions for each of the two PCR
amplifications, we conducted the primary PCR assay with three negative controls
only: DNA from a patient with proven C. burnetii endocarditis and two sterile
water samples. Each 20 �l-reaction mixture consisted of 2 �l of DNA Master
SYBR Green (DNA Master SYBR Green I kit [Roche Diagnostics]), 2.4 �l of
3 mM MgCl2, 1 �l each of primers ZRib1F and ZRib1R at 0.5 �M, 11.6 �l of
sterile distilled water, and 2 �l of DNA. Following initial denaturation at 95°C
for 8 min, we used 40 cycles of denaturation at 95°C for 15 s (temperature
transition, 20°C/s), annealing at 57°C for 5 s, and extension at 72°C for 18 s, with
fluorescence acquisition in the single mode. The amplification was completed by
keeping the sample at 68°C for 10 min to allow complete extension of the PCR
products. The secondary PCR assay was applied to the three negative controls
and incorporated internal primers Zrib2F and Zrib2R under the conditions
described above, except for an annealing temperature of 52°C. We observed
nonspecific amplification from one negative control at cycle 36 of the primary
assay and at cycle 34 of the secondary assay. Subsequently, we decided to limit
the number of cycles to 35 for the primary amplification and 33 for the secondary
amplification. Using these conditions, we observed no nonspecific amplification
from the same negative controls.

Next, we combined both amplifications in a single test for our patients’ serum
specimens (Fig. 1C). For each sample, we prepared a reaction mixture containing
4 �l of DNA Master SYBR Green; 4.8 �l of 3 mM MgCl2; 1 �l of each of the
primers ZRib1F, ZRib1R, ZRib2F, and ZRib2R at 0.5 �M; 5.2 �l of sterile
distilled water; and 2 �l of DNA. Following initial denaturation at 95°C for 8
min, our rapid nested PCR program consisted of 35 cycles of denaturation at
95°C for 15 s (temperature transition, 20°C/s), annealing at 57°C for 5 s, and
extension at 72°C for 18 s followed by 33 cycles of denaturation at 95°C for 15 s
(temperature transition, 20°C/s), annealing at 52°C for 5 s, and extension at 72°C
for 18 s. The amplification was completed by keeping the sample at 68°C for 10
min to allow complete extension of the PCR products.

As the LightCycler was not able to interpret the results from the nested PCR,
amplicons from the second amplification were separated by electrophoresis and
then purified as described above.

(vi) Sequencing of PCR products and sequence analysis. PCR products were
sequenced in both directions by using a d-Rhodamine terminator cycle sequenc-
ing ready reaction kit (Perkin-Elmer, Coignieres, France) as described by the
manufacturer. Sequencing products were resolved by using an ABI 3100 auto-
mated sequencer (Perkin-Elmer). Sequence analysis was performed with the
software package ABI Prism DNA Sequencing Analysis Software version 3.0
(Perkin-Elmer), and a multisequence alignment was made with CLUSTAL W
software, version 1.81 (35).

Statistical analysis. The sensitivity of each procedure for the diagnosis of
Bartonella endocarditis was determined by dividing the number of true positive
results by the number of tested patients with definite Bartonella endocarditis (as
defined above). Sensitivities were compared by using the �2 test. The specificities
of the OSN-PCR and LCN-PCR assays were calculated by dividing the number
of true negative results by the number of negative controls. The posttest prob-
ability was inferred from the observed sensitivities, assuming a 99% specificity.
The �2 and Mann-Whitney tests were used to assess situations more likely to
benefit the LCN-PCR assay. The variables evaluated were age, sex, presence of
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vegetations, preexisting valvular disease, alcoholism, homelessness, contact with
cats and/or cat fleas, a fever of �38°C, and antibiotic therapy before serum
sampling. To estimate the influence of the duration of storage of serum samples
at �20°C before PCR testing on the sensitivity of the LCN-PCR assay, we
compared the mean ages of serum specimens by using Student’s t test. STATA
software (version 7.0; Stata Corporation, College Station, Tex.) was used for
analysis.

RESULTS

Patients and negative controls. Between January 1995 and
April 2002, we diagnosed 105 patients as having Bartonella
endocarditis, 59 on the basis of culturing and/or PCR and 46
on the basis of an IgG titer of �1:800 (11). For 43 of these
patients (36 males and 7 females; median age, 50 years), 200 �l
of serum was available. Twenty-five had PCR- and/or culture-
based evidence of Bartonella infection (20 infected with B.
quintana and 5 infected with B. henselae), and the remaining 18
had blood culture-negative endocarditis and exhibited an IgG
antibody titer to Bartonella species of �1:800 (Table 1). As
PCR amplification from EDTA-treated blood was performed
for only 10 patients, we did not include the results of this test
in our comparative study. Of the 43 patients with Bartonella
endocarditis, 93% presented with valvular vegetations and

88% presented with fever. Fifty-three percent were known to
have previously diagnosed valvular disease, and 67% under-
went valvular surgery. Antibiotic treatment was begun before
serum sampling in 69% of cases. Risk factors for Bartonella
infection included homelessness in 30%, contact with body lice
in 17%, alcoholism in 48%, contact with cats in 36%, and
contact with cat fleas in 12.5% of cases. Serum specimens were
stored for a median of 4 years before testing (range, 1 month
to 18 years).

PCR results. (i) TSN-PCR. The TSN-PCR assay yielded
positive results for all tested samples, including those from
patients and negative controls. Thus, we concluded that these
samples were contaminated, and we did not evaluate this tech-
nique any further.

(ii) OSN-PCR. Samples from eight patients exhibited posi-
tive results in the OSN-PCR assay (Table 1). Sequences ob-
tained from PCR products were 100% identical to that of B.
quintana (GenBank accession no. AJ236917) for six patients,
whose samples were all found positive by LCN-PCR, and to
that of B. henselae (GenBank accession no. AJ132928) for two
patients, whose samples were both found positive by LCN-
PCR as well (Table 1). Samples from all negative controls
exhibited negative results.

FIG. 1. PCR assays used in this study. (A and B) PCR assays performed with a conventional thermal cycler were TSN-PCR, where the amplicon
of the first PCR was used as a template for the second PCR (A), and OSN-PCR, where two rounds of PCR cycles occurred in the same tube (B).
(C) The PCR assay performed with the LightCycler machine was LCN-PCR, where two rounds of PCR cycles occurred in the same capillary.
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(iii) LCN-PCR. Samples from 25 patients exhibited positive
LCN-PCR results (Table 1). Sequences obtained from PCR
products were 100% identical to that of B. quintana for 18
patients and to that of B. henselae for 7 patients. Samples from
all 100 negative controls exhibited negative results. The infect-
ing species was not previously identified for 2 of the 18 patients
with B. quintana infection and for 4 of the 7 patients infected
with B. henselae. For the remaining 19 patients, the identified
infecting species matched the results of previous tests (Table
1). The two patients for whom our technique identified for the
first time B. quintana infection had a known valvular disease,
and one had alcoholism, but neither was homeless or reported
contact with body lice. Of the four patients for whom only
LCN-PCR identified B. henselae infection, all reported contact

with cats, one reported contact with cat fleas, two had a known
valvular disease, and one was undergoing long-term corticoid
therapy for multiple sclerosis.

Sensitivity and specificity of LCN-PCR. For the diagnosis of
Bartonella endocarditis, LCN-PCR had a specificity of 100%
and a sensitivity of 58.1% (25 of 43 patients). The proportion
of positive LCN-PCR results was inversely related to the mean
duration of storage of serum specimens at �20°C—2.9 years
for LCN-PCR-positive samples and 5.1 years for negative sam-
ples (P � 0.04). Thus, the sensitivity was 85.7% (6 of 7 pa-
tients) for LCN-PCR performed on serum stored for less than
1 year. This sensitivity decreased to 62.5% (5 of 8 patients),
53.3% (8 of 15), and 46.1% (6 of 13) for LCN-PCR performed
on serum stored for �1 to 3 years, �3 to 5 years, and �5 years,

TABLE 1. Results of various diagnostic tests used for 43 patients with Bartonella endocarditis

Patient
(reference)b

IgG titer determined by
MIF assay for: Species detected bya:

Proven
diagnosis

B. henselae B. quintana Specific blood
culture

PCR on
EDTA-treated

blood

Valvular biopsy
specimen
culture

PCR on
valvular biopsy

specimen

OSN-PCR
on serum

LCN-PCR
on serum

1 (27) 3,200 3,200 � � � B. quintana B. quintana B. quintana B. quintana
2 (27) 1,600 800 ND � � � � �
3 (27) 3,200 3,200 � ND ND ND � �
4 (27) 1,600 400 ND � � ND � �
5 (27) 51,200 6,400 � � � B. quintana � B. quintana B. quintana
6 (10) 6,400 25,600 � � ND ND � �
7 (10) 400 50 ND ND B. quintana B. quintana � � B. quintana
8 (10) 1,600 100 � � ND ND � �
9 (10) 200 400 B. quintana ND � B. quintana � B. quintana B. quintana
10 (10) 400 12,800 ND ND ND ND � B. quintana B. quintana
11 (10) 6,400 6,400 ND ND ND ND � �
12 (10) 200 12,800 � � � B. quintana B. quintana B. quintana B. quintana
13 (10) 1,600 800 � B. quintana B. quintana B. quintana B. quintana B. quintana B. quintana
14 (10) 3,200 3,200 � ND B. quintana B. quintana � � B. quintana
15 (10) 800 1,600 � ND B. quintana B. quintana � B. quintana B. quintana
16 (10) 400 400 � ND � B. quintana � � B. quintana
17 (10) 3,200 1,600 ND ND ND B. henselae � � B. henselae
18 (10) 400 800 � ND ND ND � �
19 (10) 6,400 3,200 ND ND ND ND � B. quintana B. quintana
20 (10) 1,600 800 � ND ND B. henselae B. henselae B. henselae B. henselae
21 (10) 800 1,600 � ND ND B. henselae � B. henselae B. henselae
22 (10) 1,600 1,600 � ND B. quintana B. quintana � � B. quintana
23 (10) 3,200 1,600 B. henselae B. henselae B. henselae B. henselae � � B. henselae
24 (10) 1,600 1,600 � ND ND B. quintana � B. quintana B. quintana
25 (10) 800 800 ND ND ND ND � �
26 (10) 1,600 3,200 ND ND ND B. quintana � B. quintana B. quintana
27 (10) 1,600 800 ND ND B. quintana B. quintana B. quintana B. quintana B. quintana
28 (10) 3,200 1,600 ND ND ND B. quintana � B. quintana B. quintana
29 (10) 3,200 3,200 � ND � B. quintana � B. quintana B. quintana
30 (10) 200 800 � ND ND B. quintana B. quintana B. quintana B. quintana
31 (10) 400 800 � ND B. quintana B. quintana B. quintana B. quintana B. quintana
32 (10) 200 800 � ND ND B. quintana � B. quintana B. quintana
33 1,600 1,600 � ND ND ND � �
34 800 800 � ND ND ND � �
35 800 800 � ND B. quintana B. quintana � B. quintana B. quintana
36 1,600 1,600 � ND ND ND � �
37 3,200 800 � ND ND ND B. henselae B. henselae B. henselae
38 800 800 ND ND � B. quintana � B. quintana B. quintana
39 6,400 6,400 � � ND ND � B. henselae B. henselae
40 1,600 1,600 � ND ND B. henselae � B. henselae B. henselae
41 800 800 ND ND ND ND � B. henselae B. henselae
42 1,600 1,600 ND ND � ND � B. henselae B. henselae
43 800 1,600 ND ND ND ND � �

a �, negative result; ND, not determined.
b Patients 33 to 43 are from this study.
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respectively. None of the other evaluated variables was signif-
icantly associated with the proportion of positive LCN-PCR
results for patients with Bartonella endocarditis (data not
shown). In particular, antibiotic therapy before serum sam-
pling was not associated with decreased sensitivity; sensitivities
were 59.3% (16 of 27 patients) in the presence of antibiotic and
58.3% (7 of 12) in its absence (P � 0.96).

Comparison of LCN-PCR with other diagnostic methods.
The sensitivity of LCN-PCR (58.1%; 25 of 43 patients) was
higher than that of OSN-PCR (18.6%; 8 of 43) (P � 0.01). The
sensitivity of LCN-PCR (60.7%; 17 of 28 patients) was also
higher than that of prolonged blood culturing (7.1%; 2 of 28)
(P � 0.01). Consequently, the area under the receiver operat-
ing characteristic curve was larger for LCN-PCR than for
OSN-PCR and prolonged blood culturing (Fig. 2). The sensi-
tivity of LCN-PCR (50%; 5 of 10 patients) was slightly higher
than that of PCR amplification from EDTA-treated blood
(20%; 2 of 10) (P � 0.35). Similarly, the sensitivity of LCN-
PCR (63.2%; 12 of 19 patients) was also slightly higher than
that of valvular biopsy specimen culturing (47.4%; 9 of 19) (P
� 0.33). In contrast, the sensitivity of LCN-PCR (73.1%; 19 of
26 patients) was lower than that of PCR amplification from
valvular biopsy specimens (96.1%; 25 of 26) (P � 0.05). How-
ever, serum samples from patients with negative LCN-PCR
results but positive results for PCR amplification from valvular
biopsy specimens had been kept frozen for more than 3 years.

DISCUSSION

In the present report, we describe DNA detection methods
for the diagnosis of Bartonella endocarditis. Our purpose was
to investigate the effectiveness of PCR-based assays carried out
on patients’ serum specimens. Serum is one of the most easily
obtained human samples and, when sampled early in the evo-
lution of a systemic disease, is likely to contain DNA copies of
systemic pathogens (28). Due to the presence of inhibitors in
blood and to the small amount of bacterial DNA present in

serum, especially in patients already treated with antibiotics,
we designed three nested PCR assays to increase the sensitivity
of PCR. A nested PCR approach was shown to be effective for
the diagnosis of rickettsial diseases and plague (26, 28, 30). A
major concern with nested PCR amplification is contamina-
tion, which may be lateral (i.e., contamination caused by PCR
products amplified in other tubes in the same assay) or vertical
(i.e., contamination caused by amplicons from previous PCR
assays).

To prevent vertical contamination, we used a suicide PCR
assay incorporating primers targeting a gene (ribC) never be-
fore amplified in our laboratory (2). In a first assay, we carried
out a conventional nested PCR with two successive amplifica-
tions in a standard thermal cycler. Unfortunately, in this assay,
all specimens, including negative controls, were positive. Lat-
eral contamination by aerosols containing amplicons from pos-
itive samples probably occurred after the first PCR when the
tubes were opened before the second PCR. This result empha-
sizes the high risk of contamination of conventional PCR as-
says.

To prevent such lateral contamination, we designed an
OSN-PCR assay that was performed in a different room. In this
assay, the two primer pairs had different hybridization temper-
atures and the reaction tubes were not opened during the
entire amplification process. Using one of the LightCycler ad-
vantages, i.e., the ability to monitor the PCR cycle number
before the onset of amplification, we designed an LCN-PCR
assay that enabled us to amplify Bartonella DNA and detect
contaminant amplification. We limited the number of cycles in
each of the two PCR assays to prevent the risk of nonspecific
amplification. Independently, a similar technique was recently
reported for the detection of RNA from hepatitis C virus (31).
In parallel, we investigated the usefulness of the technique with
a standard thermal cycler machine. We observed no contami-
nation of the negative controls during LCN-PCR or OSN-
PCR.

FIG. 2. Pre- and posttest probabilities of Bartonella endocarditis. A specificity of 99.9% was used for all tests (all positive results were confirmed
by sequencing). Dotted line, blood culture; dashed line, OSN-PCR; solid line, LCN-PCR.
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Overall, LCN-PCR exhibited a sensitivity of 58.1% and was
more sensitive than OSN-PCR. This result may be related to
differences in PCR reagent quality and enzyme stability and
the short time needed to reach the annealing temperature,
which reduces the nonspecific annealing of primers. The sen-
sitivity of LCN-PCR was affected by the duration of serum
storage at �20°C (P � 0.04), likely through the progressive
degradation of frozen DNA. In addition to their longest stor-
age times, the oldest serum specimens included in our study
had been thawed and refrozen repeatedly for various tests
performed in our laboratory, including MIF, cross-absorption,
and Western blotting. Repeated thawing of frozen samples
may have played a role in the observed decrease in sensitivity,
as previously documented (9). In contrast, LCN-PCR was not
influenced by the administration of antibiotics. LCN-PCR was
more sensitive than blood culturing and valve sample culturing.
However, LCN-PCR performed on serum was less sensitive
(19 of 26 patients) than PCR performed on valve samples (25
of 26). The fact that the serum samples obtained from six
patients whose valve samples were found positive only by PCR
had been stored for more than 3 years may partially explain
this difference in sensitivity. Using OSN-PCR, we amplified
Bartonella species from samples from eight patients, including
two for whom no direct evidence of a causative agent had been
obtained by other techniques. LCN-PCR detected Bartonella
species in samples from 25 patients. For 6 of these 25 patients,
the infecting species had not been identified by other direct
diagnostic tests, demonstrating the utility of this technique.

The ribC-derived LCN-PCR, with a one-step procedure in
the LightCycler thermal cycler, prevents amplicon car-
ryover. We have demonstrated that this technique can be
carried out on serum specimens, especially before valvular
surgery, and is not affected by antimicrobial treatment. Its
sensitivity is higher when performed on serum samples kept
frozen for short periods. In conclusion, LCN-PCR is a valu-
able tool that may shorten the delay in the diagnosis of
Bartonella endocarditis. As Bartonella endocarditis repre-
sents 3% of cases of infective endocarditis, we propose that
this technique should be applied to patients with blood
culture-negative endocarditis and those with both unex-
plained fever and elevated titers of antibodies to Bartonella
species. Moreover, this technique may be useful for other
systemic Bartonella infections, in particular, chronic bacte-
remia, bacillary angiomatosis, peliosis hepatis, and cat
scratch disease with visceral involvement.
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