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ABSTRACT

Background The diagnosis of infective endocarditis

(IE) is based on the modified Duke/European Society of
Cardiology (ESC) 2015 clinical criteria. The sensitivity of
the criteria is unknown in South Africa, but high rates

of blood culture negative endocarditis (BCNIE), coupled
with a change in the clinical features of IE, may limit the
sensitivity.

Methods The Tygerberg Endocarditis Cohort study
prospectively enrolled patients with IE between November
2019 and June 2021. A standardised protocol for
organism detection, with management of patients by an
Endocarditis Team, was employed. Patients with definite
IE by pathological criteria were analysed to determine the
sensitivity of the current clinical criteria.

Results Eighty consecutive patients with IE were included
of which 45 (56.3%) had definite IE by pathological
criteria. In patients with definite IE by pathological criteria,
26/45 (57.8%) of patients were classified as definite IE

by clinical criteria. BCNIE was present in 25/45 (55.6%)
of patients and less than three minor clinical criteria were
present in 32/45 (75.6%) of patients. The elevation of
Bartonella serology to a major microbiological criterion

of the modified Duke/ESC 2015 clinical criteria would
increase the sensitivity (57.8% vs 77.8%; p=0.07).
Conclusion The sensitivity of the modified Duke/ESC
2015 clinical criteria is lower than expected in patients
with IE in South Africa, primarily due to the high rates of
Bartonella-associated BCNIE. The elevation of Bartonella
serology to a major microbiological criterion, similar to
the status of Coxiella burnetii in the current criteria, would
increase the sensitivity. The majority of patients with
definite IE by pathological criteria had less than three
minor criteria present.

INTRODUCTION

The clinical diagnosis of infective endocar-
ditis (IE), despite advances in both imaging
technologies and techniques of culturing
organisms, remains challenging.l Current
clinical diagnosis of IE is based on the modi-
fied Duke/European Society of Cardiology
(ESC) 2015 clinical criteria for the diagnosis
of IE, with the presence of typical imaging
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Key questions

What is already known about this subject?

= The sensitivity of the modified Duke/European
Society of Cardiology 2015 clinical criteria for the
diagnosis of infective endocarditis (IE) is unknown
in South Africa, a country with high rates of blood
culture negative IE and low prevalence of Coxiella
burnetii-associated IE.

What does this study add?

= The sensitivity of the current clinical criteria is
lower than expected in a South African cohort of
patients with IE by pathological criteria. The lower
than expected sensitivity is due to the high rates of
Bartonella-associated |IE coupled with a low inci-
dence of minor criteria in patients with IE.

How might this impact on clinical practice?

= The elevation of Bartonella serology to a major
microbiological criterion, similar to the status of
Coxiella burnetiiin the current criteria, may increase
the sensitivity of the current clinical criteria.

features of IE and the identification of a caus-
ative organism (predominantly from blood
cultures) the two major components of the
criteria.” In the absence of both major criteria
being present, either one major criterion
with three or more of the minor criteria or
no major criteria with all five minor criteria
would classify patients as definite IE.?

The gold standard for the diagnosis of
IE remains histopathological examination
revealing active endocarditis or the presence
of microorganisms within either a vegeta-
tion or valve tissue.? The Duke criteria, with
a reported sensitivity of 70%-80%, misclas-
sify a number of patients with confirmed
IE by pathological criteria, as possible IE.*”
This is driven primarily by a lower sensitivity
in patients with blood culture negative IE
(BCNIE), prosthetic valve endocarditis (PVE)
and devicerelated endocardits (DRE).” *
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Modifications were made to the original Duke criteria
to increase the sensitivity of the clinical criteria in these
groups of patients. The modified Duke criteria elevated
positive serology for Coxiella burnetii to a major microbio-
logical criteria and expanded the major imaging criteria
to include transoesophageal echocardiography (TEE).*°
Coxiella burnetii, an obligate intracellular bacterium that
cannot be cultured on synthetic culture media, is the the
most common cause of BCNIE in European cohorts and
its serological addition to the modified Duke criteria has
increased the sensitivity of the criteria in these cohorts.”*
Subsequent to the modified Duke criteria, the modified
Duke/ESC 2015 clinical criteria were introduced; this
expanded the major imaging criteria to include typical
imaging features by cardiac computerized tomography
(CT) with or without 18-fluorodeoxyglucose positron
emission tomography ("*FDG-PET).?* This expansion of
the major imaging criteria were specifically introduced
to increase the sensitivity of the criteria in patients with
PVE or DRE.” The minor criteria have remained mostly
unchanged since the introduction of the Duke criteria,
although many of the clinical features retained in the
minor criteria are rarely encountered in patients with IE
today.'”

In South Africa, IE is characterised by high rates
of BCNIE (up to 60%) and very low rates of Coxiella
burnetii-associated IE which means that the majority of
patients with IE will not fulfil the major microbiological
criteria.' ' The high rates of BCNIE in South Africa
appear to be related to a combination of antibiotic use
prior to blood culture sampling and causative organ-
isms that are difficult to culture, particularly the Barton-
ella species.® * ' ' The classification of patients with
BCNIE into definite or possible IE according to current
clinical criteria therefore often hinge on the pres-
ence of a number of minor criteria.” A decrease in the
number of patients with predisposing heart disease'*
coupled with the observed decrease in the presence of
Roth spots, Janeway lesions and Osler nodules is a likely
reason for the higher proportion of possible IE (up to
35%) reported in more recent cohorts when compared
with older cohorts of patients treated for IE in South
Africa.®?

Recently, Bartonella species has emerged as an
important cause of BCNIE in the Western Cape region
of South Africa.'® ™® The gold standard for the microbi-
ological diagnosis of Bartonella-associated IE is PCR and
sequencing of the bacterial 16S rRNA gene performed
directly on the affected valve tissue.'* Bartonella serology,
performed on venous blood samples, may suggest active
Bartonella infection but does not confirm Bartonella-
associated IE. In the setting of patients with clinical and
imaging features of IE with negative blood cultures, an
IgG titre above 1:128 and/or IgM titre above 1:40 is
suggestive of infection with Bartonella species and makes
it a likely cause of BCNIE."?"° Positive serology for Barton-
ella species in patients with BCNIE, in contrast to positive
serology for Coxiella burnetii, currently represents only a

minor criterion in the current modified Duke/ESC 2015
clinical criteria.”

A prospective cohort of patients, presenting with IE in
our region, was analysed to describe the typical clinical
features observed. From this cohort, a group of patients
with definite IE by pathological criteria® was selected
to determine the sensitivity of modified Duke/ESC
2015 clinical criteria and determine possible causes of
misclassification.

METHODS

Study design and participants

Consecutive patients presenting with IE to the Division
of Cardiology, Department of Medicine at Tygerberg
Hospital in Cape Town, South Africa, between November
2019 and June 2021 were prospectively enrolled in the
Tygerberg Endocarditis Cohort study as previously
described.'* " “Patients with known or newly diagnosed
malignancy were excluded. The Division of Cardiology at
Tygerberg Hospitalisa public sector tertiaryreferral centre
that serves a population of approximately 2.4million
people.'® Patients with features of IE presenting to hospi-
tals within the referral network are referred to Tygerberg
Hospital for definitive care.'” The Division of Cardiology
is categorised as a high volume centre for the diagnosis
and management of IE.'® Patients were managed by an
Endocarditis Team following diagnostic and manage-
ment criteria as set out by current guidelines.”

Clinical evaluation

All patients were evaluated by at least one member of the
Endocarditis Team on presentation and clinical features,
specifically the presence of criteria for the diagnosis of
IE, were documented. Thereafter patients were evalu-
ated daily, the presence and timing of any major adverse
events (death, embolic events and renal failure requiring
dialysis) documented and antimicrobial therapy tailored
as microbiology results became available. A weekly Endo-
carditis Team meeting was held to review all current cases
and discuss management decisions.

Echocardiographic evaluation

Enrolled patients underwent transthoracic echocardi-
ography with the majority of patients also undergoing
TEE." * In addition to a standard echocardiographic
evaluation,19 20 3 detailed assessment of the underlying
heart and valvular structure, with a specific focus on the
presence of underlying predisposing heart disease or
endocardial abnormality, was performed.2 5142127

Additional imaging

Cardiac CT with or without *FDG-PET scanning as well
as cardiac MRI were performed at the discretion of the
Endocarditis Team.

Microbiological assessment
A standardised stepwise protocol for organism detection
was utilised to identify the common causative organisms
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of IE and to minimise the rate of BCNIE." "* Blood cultures

were collected and processed according to current inter-

national guidelines and as previously reported.” '* If no
pathogen was isolated from blood cultures after 5 days of
incubation, patients were defined as having BCNIE.

All patients with BCNIE underwent further testing(all
tests performed in parallel), including:

» Serology was performed using indirect immunofluo-
rescence assays (IFA) for detection of IgM and IgG
antibodies to Bartonella henselae and Bartonella quin-
tana (FOCUS Diagnostics, Cypress, California, USA).
An IgG titre above 1:128 and/or IgM titre above
1:40 was considered positive for Bartonella henselae
and Bartonella quintana.® ' Specific antibodies to
Coxiella burnetii were also determined by IFA, with an
IgG phase 1 titre above 1:800 considered positive.”
Enzyme immunoassays were performed to detect
IgM and IgG antibodies to Brucella species, Legionella
pneumophila (EUROIMMUN, Libeck, Germany) and
Mycoplasma pneumoniae (EUROIMMU).

» Broad range PCR and sequencing was performed on
negative blood culture bottles for detection of the
bacterial 16S rRNA and fungal ITS2 genes.

» BACTEC Myco/F Lytic vials(Becton Dickinson, San
Jose, California, USA) were collected for the isolation
of Mycobacteria, including Mycobacterium tuberculosis
(MTB) and non-tuberculous Mycobacteria.

» Testing for antinuclear antibodies and anti-cardiolipin
antibodies.

A sample of heart valve tissue was collected from all
patients who underwent surgery (or at post mortem) and
this was submitted for:

» Bacterial and fungal culture.

» Broad range PCR and sequencing of 16S rRNA and
ITS2.

» Histopathological examination to detect bacteria and
fungi, as well as histopathological features of IE.

Statistical analysis
Statistical analysis was done using SPSS V.27 for iOS and
JASP (V.0.14.1) for iOS.

Continuous variables were reported as mean with SD
if normally distributed, alternatively as median with IQR.
Categorical variables were reported as counts and percent-
ages. To compare the diagnostic sensitivities of the modi-
fied Duke/ESC 2015 clinical criteria and our proposed
elevation of Bartonella serology to a major microbiolog-
ical criterion, the %” test was performed. For all analyses,
two-sided tests of significance were performed with an
alpha of 0.05.

RESULTS

A total of 80 consecutive patients with IE were included
with the characteristics at diagnosis summarised in
table 1. Histopathological samples were available in 43
of 46 patients who underwent surgery and from two post
mortems performed. Definite IE by pathological criteria

Table 1 Baseline characteristics at diagnosis

Characteristics n=80 (%)
Mean age in years (SD 14.4) 39
Male sex (%) 52 (65)
Definite infective endocarditis by clinical criteria® 54 (67.5)
PLHIV 22 (27.5)
c-ART 17 (77.3)
History of intravenous drug use 6 (7.5)
New onset dyspnoea 55 (68.9)
Clinical features
Murmur present 75(93.8)
Clubbing 37 (46.3)
Haematuria 32 (45.7)
Documented fever 25(31.3)
Embolic event 20 (25)
Splinter haemorrhages 12 (19)
Splenomegaly 6(7.5)
Janeway lesions 1(1.3)
Roth spots 1(1.3)
Clinical grading of regurgitant lesions
Acute 29 (38.7)
Acute on chronic 13(17.3)
Blood results
C reactive protein >5 76 (95)
Rheumatoid factor >11 35(50.7)
Haemoglobin <10g/dL 37 (46.3)
C3<0.9¢g/L 25(33.3)
C4 <0.1g/L 17 (22.7)
Blood culture results
BCPIE 42 (52.5)
Staphylococcus aureus 18 (22.5)
Viridans group streptococci 10(12.5)
BCNIE 38 (47.5)
Bartonella species 16 (20)
No organism or cause identified 15(18.8)
Echocardiography
Predisposing endocardial abnormality detected 38 (47.5)
Congenital heart disease 14 (17.5)
Rheumatic heart disease 12 (15)
Prosthetic valve disease 7(8.8)
Regurgitant lesion present
Acute severe aortic/mitral regurgitation 25(31.3)
Acute on chronic severe aortic/mitral regurgitation 15(18.8)
Chronic severe aortic/mitral regurgitation 18 (23)
In hospital mortality 17 (21.3)
Surgery performed 46 (57.5)

BCNIE, blood culture positive infective endocarditis; BCPIE, Blood culture positive
infective endocarditis; c-ART, combination antiretroviral therapy; PLHIV, People living
with Human Immunodeficiency Virus.

was confirmed in all 45 of these cases. In patients with
definite IE by pathological criteria, 26/45 (57.8%) of
patients were classified as definite IE by clinical criteria
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Table 2 Modified Duke/ESC 2015 clinical criteria in patients with definite infective endocarditis by pathological criteria and

those without histology available

Definite by pathological criteria n=45

No histology available n=35

All patients  All patients Definite IE Possible IE  Definite IE Possible IE

Clinical criteria n=80 (%) n=45 (%) n=26 (%) n=19 (%) n=28 (%) n=7 (%)
No of major criteria present

1 38 (47.5) 25 (55.6) 6(23.1) 19 (100) 6(21.4) 7 (100)

2 42 (52.5) 20 (44.4) 20 (76.9) 0 22 (78.6) 0
Category of major criteria present

Imaging major criteria present 79 (98.8) 45 (100) 26 (100) 19 (100) 27 (96.4) 7 (100)
Echocardiography

Vegetation 74 (92.5) 41 (91) 26 (100) 15 (78.9) 26 (92.9) 7 (100)

Perforation 32 (40) 25 (55.6) 14 (53.8) 11 (57.9) 4(14.3) 3 (42.9)

Abscess 13 (16.3) 9 (20) 4(15.4) 5(26.3) 3(10.7) 1((14.3)

Dehiscence of a prosthetic valve 5(6.3) 3(6.7) 2(7.7) 1(5.3) 1(3.6) 1(14.3

'8F-FDG PET/CT positive 4 (5) 4(8.9) 1/1(3.8) 3/4 (15.8) 0/2 01

Microbiological major criteria present 42 (52.5) 20 (44.4) 20 (76.9) 0 22 (78.6) 0
No of minor criteria present:

0 6 (7.5) 5(11.1) 1(3.8) 4(21.1) 0 1(14.3)

1 9(11.3) 6(13.3) 4 (15.4) 2(10.5) 2(7.1) 3 (42.9)

2 35 (43.8) 23 (51.1) 10 (38.5) 13 (68.4) 9(32.1) 3 (42.9)

3 22 (27.5) 9(20) 9(34.6) 0 13 (46.4) 0

4 6 (7.5) 2 (4.4) 2(7.7) 0 4(14.3) 0

5 0 0 0 0 0 0
Category of minor criteria present

Predisposing endocardial abnormality or intravenous 42 (52.5) 22 (55) 16 (64) 6 (40) 18 (64.3) 2(33.3)

drug use

Documented fever 29 (36.3) 14 (35) 10 (40) 4 (26.7) 14 (50) 1(16.7)

Vascular phenomena 35 (43.8) 14 (35) 12 (48) 2(13.3) 18 (64.3) 3 (50)

Immunological phenomena 46 (57.5) 24 (60) 17 (68) 7 (46.7) 20 (71.4) 2(33.3)

Microbiological evidence 19 (23.8) 13 (32.5) 4 (16) 9 (60) 5(17.9) 1(16.7)

Echocardiography —Transthoracic echocardiogram and Transoesophageal echocardiogram; '®FDG PET/CT- Cardiac CT with or without'®FDG PET/

CT.

ESC, European Society of Cardiology; 18FDG PET/CT, 18-fluorodeoxyglucose positron emission tomography; IE, infective endocarditis.

(table 2). BCNIE was presentin 25/45 (55.6%) of patients
and more than two minor clinical criteria were present in
the minority of patients (24.4%). Aetiologies associated
with the misclassification of patients as ‘possible IE’ by
clinical criteria are summarised in table 3. The elevation
of Bartonella serology to a major microbiological criterion
of the modified Duke/ESC 2015 clinical criteria would
have increased the sensitivity to accurately diagnose defi-
nite IE (57.8% vs 77.8%;p=0.07) (figure 1).

Bartonella serology was positive in 16/38 (42.1%) of
patients with BCNIE in our cohort (figure 2). Eleven
of the 16 patients underwent surgery with definite IE
confirmed by pathological criteria in all 11 (100%)
patients. PCR performed on valve tissue identified the
causative organism as Bartonella quintana in nine patients
and Bartonella henselaein one patient. None of the patients
with BCPIE who had PCR performed on their valve tissue,
returned positive PCR for Bartonella species. Similarly,

only patients with BCNIE and positive serology returned
positive PCR for the Bartonella species (figure 2).

DISCUSSION
We have observed a lower than expected sensitivity
(57.8%) of the modified Duke/ESC 2015 clinical
criteria® to classify patients with definite IE by patholog-
ical criteria, as such.?* The sensitivity in our cohort is
lower than reported in first-world cohorts where sensitiv-
ities of up to 80% are frequently reported.”** Although
no previous study has evaluated the sensitivity of either
the original Duke criteria or subsequent modifications in
a South African cohort, a recent retrospective cohort of
patients treated for IE have reported rates of definite IE
of 59%—64%."

The likely causes of the clinical misclassification of
patients with definite IE by pathological criteria as

4
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Table 3 Causes of misclassification of patients with BCNIE
as possible rather than definite endocarditis by the modified
Duke/ESC 2015 clinical criteria

No of
Major minor
imaging criteria Possible cause of
Case criteria present misclassification
1 Vegetation 2 Antibiotic use prior to
blood culture sampling
Vegetation 2 Bartonella quintana*
Dehiscence ofa 2 Systemic lupus
prosthetic valve. erythematosus with
FDG PET-CT possible Mycobacterium
positive tuberculosist
4 Vegetation 0 Mycobacterium
with tissue tuberculosist
destruction
FDG PET-CT
positive
5 Vegetation/ 2 Bartonella quintana*
Abscess
Vegetation 0 Unknown
Vegetation 2 Unknown
Vegetation/ Bartonella quintana*
perforation
9 Vegetation/ 1 Mycoplasma speciest
perforation
10 Vegetation Bartonella quintana*
11 Vegetation/ Alternaria species
perforation
12 Vegetation/ 2 Bartonella quintana®
perforation/
Abscess
13 Abscess 2 Mycobacterium
tuberculosist
14 Vegetation/ 2 Bartonella quintana*
perforation
15 Vegetation/ 2 Bartonella quintana*
perforation
16 Vegetation/ 2 Bartonella quintana*
perforation
17 Vegetation 2 Antibiotic use prior to
blood culture sampling
Vegetation, 0 Unknown
perforation
19 Vegetation, 2 Antibiotic use prior to
perforation blood culture sampling,

Streptococcus gallolyticus
subsp. pasteurianus
identified by PCR of valve
tissue

*Diagnosis based on positive serology and PCR performed on
valve tissue.

TDiagnosis based on typical imaging and histopathological
features.” '

FDiagnosis based on positive serology.

BCNIE, blood culture negative endocarditis; FDG PET/CT,
fluorodeoxyglucose positron emission tomography.

Modified Duke/ESC 2015 clinical criteria

Elevation of Bartonella serology to a major
microbiological criteria

mPossiblelE% [0 10 20 30 40 50 60 70 8 90 100

Figure 1 Sensitivity of the modified Duke/ clinical criteria
with and without the elevation of Bartonella serology to a
major microbiological criterion in patients with confirmed IE
by pathological criteria (n=45). ESC, European Society of
Cardiology; IE, infective endocarditis.

possible IE in our cohort, are the high rate of BCNIE
(55.6%) with no cases of Coxiella burnetii (absence of a
major criteria), coupled with a low prevalence of the
minor criteria. In this group of patients with only a single
major criteria, three or more minor clinical criteria must
be present to fulfil the criteria for definite IE.? Three or
more minor clinical criteria were present in only 24.4%
of our cohort with definite IE by pathological criteria
(table 2). The minor clinical criteria comprise a number
of clinical features that have decreased in prevalence in
the developed world since the original publication of
the Duke criteria.' > 7 We have observed a similar trend
with the majority of patients (75.6%) with definite IE by
pathological criteria having less than three of the minor
criteria present (table 2).

The high rate of BCNIE was predominantly caused by
non-culturable organisms, specifically Bartonella species,
rather than antibiotic use prior to blood culture sampling
(tables 1 and 3). The detection of active Bartonella

Patients with
IE n=80

BCNIE n=38 |

Serology positive for
Bartonella species n=16

BCPIE n=42

Serology negative for
Bartonella species n = 22

L PCR with 16S rRNA performed
on valve tissue positive for
Bartonella species in 0 of 14

PCR with 16S rRNA
performed on valve
tissue n=11

PCR with 165 rRNA
performed on valve
tissue positive for
Bartonella species in
0 of 17 samples

Bartonella
quintana n=9
Bartonella
henselae n=1
No organism
detected n=1

Figure 2 Analysis of patients with Bartonella serology
suggesting active infection. BCNIE, blood culturenegative
infective endocarditis; BCPIE, blood culture positive infective
endocarditis; |IE, infective endocarditis.
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infection with serology in patients with BCNIE® '* '° is

currently regarded as a minor criterion in contrast to
serology for Coxiella burnetii which is part of the major
criteria.’ The addition of Coxiella burnetii serology to
the current guidelines was motivated on the basis that
Coxiella burnetiiis a common cause of BCNIE in European
cohorts, specifically in France, and upgrading serological
detection from a minor to a major criterion increased
the sensitivity of the guideline criteria.”* We have previ-
ously reported the emergence of Bartonella species as a
cause of BCNIE' " and the elevation of positive Barton-
ella serology to the major criteria could be motivated on a
similar basis as the elevation of serology for Coxiella burnetii
to the major criteria. In this cohort of patients with defi-
nite IE by pathological criteria, the elevation of Barton-
ella serology to a major microbiological criteria would
increase the sensitivity of the clinical criteria to 77.8%
(figure 1), which is similar to the reported sensitivities of
the current modified Duke/ESC 2015 clinical criteria in
developed-world cohorts.”® Serology for Bartonellaspecies
was positive in 11 of the patients with BCNIE who under-
went surgery, with 16S rRNA PCR performed on valve
tissue confirming Bartonella quintana in nine patients
and Bartonella henselae in one patient (figure 2). This also
suggests a low false-positive rate for the serological test
when used in patients with a high pre-test probability for
IE. One patient with active systemic lupus erythematosus
(SLE) returned positive serology for Bartonella species,
Brucella, Mycoplasma and Coxiella burnetii; this was likely
due to cross-reactivity of the antibodies associated with
SLE."™ Serology for Bartonella after treatment of SLE was
negative and PCR performed on the surgical specimen
was negative for all these organisms. Importantly, none of
the patients with BCPIE or BCNIE with negative serology
for Bartonella species returned positive 16 rRNA PCR for
Bartonella species (figure 2).

The frequency of occurrence of some of the clinical
features incorporated in the minor criteria of the modi-
fied Duke/ESC 2015 clinical criteria was low in this study
(table 2) and contributed to the lower than expected
sensitivity of these criteria. This is particularly evident in
this cohort because of the high prevalence of Bartonella-
associated IE. Immunological features such as Roth spots,
Janeway lesions and Osler nodules were rarely detected,
similar to previous reports from South Africa.” The most
commonly observed clinical features were new-onset
dyspnoea, clubbing, anaemia, haematuria and evidence of
embolic events. When comparing our cohort to previous
cohorts of IE in South Africa, the presence of fever and
a predisposing endocardial abnormality was lower®
while the proportion of patients with intravenous drug
use remained low (table 1). A possible explanation for
the higher than expected rate of clubbing and lower rate
of documented fever may be the proportion of patients
with Bartonella-associated IE in our cohort. The majority
of our patients with Bartonella-associated IE had clubbing
(15/16; 93.8%). In contrast, fever was only documented
in one patient (6.3%) with Bartonella-associated IE.

A significant number of patients presented with clin-
ical features of acute or acute on chronic severe valvular
regurgitation, with the majority confirmed to be either
acute or acute on chronic severe by echocardiographic
criteria.’ This suggests that a significant number of
patients present early with acute IE and may offer a partial
explanation for the decrease in clinical features listed in
the minor criteria when compared with the era when viri-
dans streptococci was the predominant organism.

CONCLUSION

We have observed a lower than expected sensitivity
(57.8%) of the modified Duke/ESC 2015 clinical criteria
to diagnose definite IE utilising the pathological criteria
as the gold standard. This lower sensitivity appears to be
driven primarily by the high rate of Bartonella-associated
BCNIE, coupled with a low prevalence of the clinical
features incorporated into the minor criteria. Elevation
of positive serology for Bartonella to a major criterion,
similar to the previous modification of the criteria for
Coxiella burnetii, will increase the sensitivity of the modi-
fied Duke/ESC 2015 clinical criteria in regions with a
high prevalence of Bartonella-associated IE.

Limitations

Although Bartonella species are a frequent cause of
BCNIE in the Western Cape region of South Africa and
many other Countries,12 1330 the elevation of serology for
Bartonella to a major criteria is unlikely to affect the sensi-
tivity in countries with a low prevalence of this organism.
The validity of this new criteria must be confirmed in
different prospective cohorts of patients and should
include the analysis of specificity and accuracy. We only
performed serology for Bartonella species in patients with
BCNIE and thus could not evaluate the specificity of the
serological criteria utilised. Patients with known or newly
diagnosed malignancy were excluded from this study.
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