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a b s t r a c t 

Objectives: To evaluate the clinical utility of systematic serological testing in infective endocarditis (IE), 

determine the prevalence of blood-culture negative IE (BCNIE), and characterize its clinical presentation 

in our cohort. 

Methods: Retrospective analysis of 296 consecutive IE episodes (2008-2021) at a tertiary hospital. We 

compared clinical characteristics, serological testing patterns, and outcomes between BCNIE and blood- 

culture-positive IE (BCPIE) cases. 

Results: BCNIE accounted for 22.3% (66/296) of cases. Prior antibiotic use was significantly higher in BC- 

NIE (27.3% vs 2.2%, P < 0.001). Serological testing was performed in 81.8% of BCNIE and 71.3% of BCPIE 

cases. Despite positive serological results for Coxiella burnetii phase I IgG (24.2% of tested cases), Bar- 

tonella henselae IgG (14.9%), Mycoplasma pneumoniae IgM (6.9%), and Brucella spp. (1.5%), only one patient 

(1.9% of all positive results) received targeted antimicrobial therapy. In multivariate analysis, no serologi- 

cal marker was associated with improved clinical outcomes. 

Conclusions: Systematic serological testing in IE provides limited diagnostic and therapeutic value. A se- 

lective approach targeting BCNIE cases with specific epidemiological risk factors appears more appropri- 

ate and cost-effective. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Infective endocarditis (IE) is a severe, life-threatening disease in 

hich successful treatment depends on accurate identification of 

he causative pathogen. Blood culture remains the gold standard 

or determining the responsible microorganism in IE cases. The 
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ajor Duke criteria for IE diagnosis include either multiple posi- 

ive blood cultures for typical IE-causing organisms or more than 

wo positive blood cultures for less common agents [ 1 ]. 

However, blood-culture-negative infective endocarditis (BCNIE) 

till accounts for up to 31% of IE cases and is associated 

ith increased long-term mortality [ 2 ]. BCNIE may result from 

rior empirical antibiotic administration, infection by intracellular 

athogens not detectable by conventional blood culture, or difficul- 

ies in cultivating fastidious microorganisms using standard media 

 3 ]. These limitations underscore the need for alternative labora- 

ory diagnostic approaches. 
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The modified Duke criteria now consider antibody titers against 

pecific pathogens as major diagnostic criteria: an anti-phase I IgG 

iter ≥1:800 for Coxiella burnetii, and both IgG and IgM detection 

or Bartonella quintana or Bartonella henselae with IgG titers ≥1:800 

 1 ]. Serological testing is also commonly employed for other fas- 

idious, slow-growing, or non-culturable microorganisms, including 

rucella spp., Legionella pneumophila , and Chlamydia spp. [ 4 , 5 ]. 

Although serology provides a rapid and culture-independent 

iagnostic tool, it has several limitations. These include cross- 

eactivity between different genera and prolonged persistence of 

gM antibodies, which can lead to false-positive results [ 4 ]. More- 

ver, serological testing is frequently performed in patients in 

hom causative microorganisms have already been identified by 

lood culture, limiting its added diagnostic value while consuming 

ime and resources [ 6 ]. 

The primary objective of this study is to assess the clinical im- 

act of serological findings and to evaluate the usefulness of sys- 

ematic serological testing in an IE cohort. The secondary objec- 

ives are to determine the prevalence of culture-negative cases and 

o characterize their clinical presentation. 

ethods 

tudy design and population 

We conducted a retrospective analysis of a prospectively main- 

ained cohort that included all consecutive cases with a final di- 

gnosis of possible or definite IE, as defined by modified Duke 

riteria, recorded between January 2008 and December 2021 in 

he IE cohort at University Hospital Marqués de Valdecilla. Patients 

ransferred from other hospitals were excluded to avoid including 

lready diagnosed episodes with incomplete data. Only the first 

pisode was included for patients who experienced recurrences 

uring the study period. 

ata collection and quality 

We collected variables related to sociodemographic data, co- 

orbidities, IE clinical presentation, microbiological data, clinical 

nd surgical interventions, and outcomes of each registered case. 

ata were collected from patients’ medical records included in the 

panish Infective Endocarditis Group (GAMES) database, a group of 

he Spanish Society of Cardiovascular Infections (SEICAV), follow- 

ng predefined definitions and criteria that remained unchanged 

hroughout the study period. The database is maintained by per- 

onnel with clinical and microbiological expertise and is regularly 

onitored by a dedicated external data entry professional to en- 

ure accuracy and consistency. All IE cases included in the study 

ad been previously quality-checked by the GAMES coordination 

eam. This study followed Strengthening the Reporting of Observa- 

ional Studies in Epidemiology (STROBE) recommendations [ 7 ]. 

efinitions 

Hospital-acquired IE was defined as episodes with IE-related 

ymptoms or signs that developed during or after hospitalization 

nd were not present or incubating at admission time. Healthcare- 

ssociated IE was defined as episodes occurring in patients who 

ad undergone any invasive procedure within the preceding 3 

onths. In-hospital mortality was defined as all-cause mortality 

ccurring during hospital stay for the episode. 

Serological tests were categorized into diagnostic serology, con- 

ucted during the acute episode, and follow-up serology, per- 

ormed up to 8 weeks after hospital discharge. Serology results 
2

ere interpreted as positive according to thresholds defined by re- 

pective commercial kits (1:80 for B. henselae IgG and C. burnetii 

gG total and phase I, 1:20 for Brucella spp., and 1.1 index for M. 

neumoniae IgM). For patients with available phase-specific C. bur- 

etii serologies, IgG phase I positivity was considered the main 

erological marker associated with chronic Q fever and included in 

nalysis. For patients before 2009, only total IgG was available, and 

hese cases were analyzed separately due to lack of phase differen- 

iation. Equivocal serology results were carefully managed to avoid 

isclassification. If no repeat testing was available, the equivocal 

esult was excluded from positivity. This approach ensured that 

ncertain results were translated into a definite result whenever 

ossible, without overestimating positivity and avoiding false neg- 

tives. 

Targeted therapy for these pathogens was determined based on 

stablished guidelines and clinical practice, considering combina- 

ions with doxycycline for B. henselae, Brucella spp. and C. bur- 

etii , and combinations with macrolides, doxycycline, or fluoro- 

uinolones against M. pneumoniae , initiated after positive serology 

esults [ 8–13 ]. 

Full recovery was defined as patients who completed the 

pisode cured, excluding those who died, relapsed, or developed 

einfection within the first 3 months post-discharge. 

tatistical analysis 

Categorical variables are expressed as frequencies and percent- 

ges. Quantitative variables are expressed as mean values and stan- 

ard deviations for symmetrically distributed data or as median 

alues and interquartile ranges for asymmetrically distributed data. 

hi-squared or Fisher’s exact tests were performed for comparisons 

f categorical variables between groups. Student’s t-test and Mann- 

hitney U test were used for continuous variables after distribu- 

ion normality verification using the Shapiro-Wilk test. 

Multivariable logistic regression was performed to examine in- 

ependent associations between predictor variables and binary 

utcomes, adjusting for potential confounders. Separate logistic re- 

ression models were constructed for each microorganism (serol- 

gy result coded as 0 = negative, 1 = positive) with full recovery 

s the dependent variable (coded as 0 = no, 1 = yes). To ensure 

odel stability, subgroups with very small number of positive re- 

ults were excluded. Each model included the serological result as 

he main predictor and was adjusted for age, sex, and the Charlson 

omorbidity index. Adjusted odds ratios (aOR) with 95% confidence 

ntervals (CI) were reported. 

Differences were considered significant when the P -value was 

 0.05. Owing to the thorough quality control of the database, the 

ajority of variables were fully available for all patients. In in- 

tances where data were not available, we excluded the specific 

issing values from the corresponding descriptive statistical anal- 

ses. No data imputation or replacement was performed, ensuring 

hat all reported results are based solely on observed data. Miss- 

ng values are reported when applicable. Statistical analyses were 

erformed using IBM SPSS Statistics (version 19). 

thics 

This study was conducted in accordance with principles of the 

eclaration of Helsinki. Written informed consent was obtained 

rom all participants prior to the collection of any clinical data. 

articipant confidentiality and data anonymity were maintained 

hroughout the study. 
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Figure 1. Study flow chart showing patient selection and classification. Valid IE episodes were classified in BCNIE (blood-culture negative infective endocarditis) and BCPIE 

(blood-culture positive infective endocarditis). 
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Figure 2. Distribution of microorganisms isolated in blood-culture positive IE 

cases (BCPIE). The pathogens identified were Streptococcus spp., methicillin-sensitive 

Staphylococcus aureus (MMSA), methicillin-resistant Staphylococcus aureus (MRSA), 

coagulase-negative staphylococci (CoNS), Enterococcus faecalis ( E. faecalis ), Entero- 

coccus faecium ( E. faecium ), HACEK bacteria (including Haemophilus, Aggregatibacter, 

Cardiobacterium, Eikenella and Kingella), Klebsiella pneumoniae (K. pneumoniae), Es- 

cherichia coli (E. coli ) and Candida albicans (C. albicans ). The “Others” category com- 

prised one isolate each of Enterobacter cloacae, Campylobacter fetus, Abiotrophia de- 

fectiva, Providencia rettgeri, Serratia marcescens and Corynebacterium atriatum . 
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atient characteristics 

A total of 296 IE episodes were included during the study pe- 

iod ( Figure 1 ), with 95 (32.1%) patients being women, and a me- 

ian age of 71.0 (interquartile range, IQR: 60.5-77.6) years. Sixty- 

ix (22.3%) cases were classified as BCNIE, of which 18 (27.3%) had 

eceived antibiotics before blood culture collection, compared to 

nly 5 (2.2%) among blood-culture positive infective endocarditis 

BCPIE) cases ( P < 0.001) ( Table 1 ). 

Patients with BCNIE and BCPIE showed similar baseline charac- 

eristics, with some notable exceptions. BCNIE patients had slightly 

ower median age (67.9 vs 71.9 years, P = 0.0 6 6) and body mass in-

ex (25.5, IQR: 23.5-29.7 vs 26.0, IQR: 23.6-29.3 kg/m ², P = 0.035). 

ypertension was more prevalent in BCNIE patients (74.2% vs 

6.5%, P = 0.032), while myocardial infarction and chronic renal 

isease were less frequent in this group (1.5% vs 12.2%, P = 0.011 

nd 7.6% vs 16.5%, P = 0.036, respectively). 

linical presentation 

Clinical characteristics of IE episodes according to blood cul- 

ure results are summarized in Table 2 . Distribution of affected 

alves and acquisition setting was similar across groups, although 

urgery tended to be more frequently required among BCNIE pa- 

ients (48.5% vs 35.2%, P = 0.050). Notably, a higher proportion 

f BCNIE cases were classified as "possible" rather than "defi- 

ite" IE according to Duke criteria (43.9% vs 10.9%, P < 0.001). 

n-hospital mortality and length of hospital stay did not differ 

ignificantly between BCNIE and BCPIE groups (27.3% vs 24.3%, 

 = 0.629 and 38.4 ± 21.9 vs 41.3 ± 38.6 days, P = 0.555, 

orrespondingly). 
3

icrobiological findings 

Among the 230 BCPIE episodes, the spectrum of microorgan- 

sms isolated showed that Streptococcus spp., Staphylococcus aureus 

both methicillin-susceptible and resistant) and coagulase-negative 

taphylococci were the most common pathogens, followed by Ente- 

ococcus faecalis . Less frequent isolates included HACEK group bac- 

eria, gram-negative bacilli, and Candida albicans ( Figure 2 ). 
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Table 1 

Baseline demographic characteristics and comorbidities of IE patients. 

Group (no. of cases) P -value a 

Total (296) BCNIE (66) BCPIE (230) 

Sex 

Female 95 (32.1) 24 (36.4) 71 (30.9) 0.399 

Male 201 (67.9) 42 (63.6) 159 (69.1) 

Median age (IQR), years 71.0 (60.5-77.6) 67.9 (58.6-74.5) 71.9 (61.2-78.7) 0.066 

Median BMI (IQR), kg/m2 b 25.9 (23.6-29.2) 25.5 (23.5-29.7) 26.0 (23.6-29.3) 0.035 

Median Charlson comorbidity index (IQR) 5 (3-7) 4 (3-6) 5 (3-7) 0.731 

Diabetes mellitus 79 (26.7) 17 (25.8) 62 (27) 0.846 

Hypertension 179 (60.5) 49 (74.2) 130 (56.5) 0.032 

Hyperlipidemia 141 (47.6) 30 (45.5) 111 (48.3) 0.166 

Solid malignancy 63 (21.3) 11 (16.7) 52 (22.6) 0.227 

Hematological malignancy 6 (2) 2 (3.0) 4 (1.7) 0.760 

COPD 59 (19.9) 18 (27.3) 41 (17.8) 0.232 

Congestive heart failure 99 (33.4) 22 (33.3) 77 (33.5) 0.899 

Myocardial infarction 29 (9.8) 1 (1.5) 28 (12.2) 0.011 

Coronary disease 93 (31.4) 19 (28.8) 74 (32.2) 0.849 

Chronic renal disease 43 (14.5) 5 (7.6) 38 (16.5) 0.036 

Liver disease 37 (12.5) 5 (7.6) 32 (14) 0.167 

Prior antibiotic use c 23 (7.8) 18 (27.3) 5 (2.2) < 0.001 

BCNIE, blood-culture negative infective endocarditis; BCPIE, blood-culture positive infective endocarditis; IQR, interquartile range; BMI, body mass index; COPD: chronic 

obstructive pulmonary disease. 
a Two-tailed Chi-squared test or Fisher’s exact test for categorical variables, as corresponding. Due to the non-normal distribution of the quantitative variables, two-tailed 

Mann-Whitney U test was used. 
b Missing values: n = 78. 
c In the 7 days preceding blood culture collection. 

Table 2 

Clinical characteristics of IE episodes according to blood culture results. 

Group (no. of cases) P -value a 

Total (296) BCNIE (66) BCPIE (230) 

IE Duke classification 

Definite 242 (81.8) 37 (56.1) 205 (89.1) < 0.001 

Possible 54 (18.2) 29 (43.9) 25 (10.9) 

IE location 

Aortic 149 (50.3) 36 (54.5) 113 (49.1) 0.438 

Mitral 134 (45.3) 28 (42.4) 106 (46.1) 0.598 

Tricuspid 18 (6.1) 3 (4.5) 15 (6.5) 0.554 

Pulmonary 5 (1.7) 2 (3.0) 3 (1.3) 0.310 

Device 18 (6.1) 6 (9.1) 12 (5.2) 0.246 

Valve type 

Native 205 (69.3) 44 (66.7) 161 (70.0) 0.605 

Prosthetic 76 (25.7) 18 (27.3) 58 (25.2) 0.986 

Early 33 (11.1) 9 (13.6) 24 (10.4) 0.519 

Late 43 (14.5) 9 (13.6) 34 (14.8) 

IE acquisition 

Community 228 (77.0) 51 (77.3) 177 (77.0) 0.223 

Hospital-acquired 54 (18.2) 10 (15.2) 44 (19.1) 

Healthcare-associated 9 (3.0) 2 (3.0) 7 (3.0) 

Unknown 4 (1.4) 3 (4.5) 2 (0.9) 

Fever 222 (75.0) 45 (68.2) 177 (77.0) 0.147 

Surgery 113 (38.2) 32 (48.5) 81 (35.2) 0.050 

In-hospital mortality 74 (25.0) 18 (27.3) 56 (24.3) 0.629 

Mean stay length ± SD, days 40.6 ± 35.6 38.4 ± 21.9 41.3 ± 38.6 0.555 

BCNIE, blood-culture negative infective endocarditis; BCPIE, blood-culture positive infective endocarditis; IE, infective endocarditis; SD, standard deviation. 
a Two-tailed Chi-squared test or Fisher’s exact test for categorical variables, as appropriate. Due to the normal distribution of the quantitative variable, a two-tailed t-test 

was used. 
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erological testing results 

Serological testing was performed in 54 (81.8%) BCNIE cases and 

64 (71.3%) BCPIE cases at diagnosis ( P = 0.087), while follow-up 

erology was tested in 26 (39.4%) BCNIE cases and 79 (34.3%) BCPIE 

ases ( P = 0.450). The most frequently detected pathogen during 

cute IE episodes was C. burnetii , followed by B. henselae and M. 

neumoniae . Only 3 (1.5%) episodes were positive for Brucella spp. 

ifferences in positivity between groups were significant for C. bur- 

etii total IgG at diagnosis, with a higher frequency in BCNIE pa- 

ients ( Table 3 ). None of the serology-positive cases could be con- 

rmed by molecular techniques. 
4

linical impact of serological results 

To evaluate the clinical relevance of positive serological re- 

ults, we assessed use of targeted antimicrobial therapy. None of 

he cases with positive serology for B. henselae, Brucella spp., or 

. pneumoniae were deemed clinically significant, as no directed 

reatment was prescribed. Among eight patients with positive anti- 

hase I IgG results for C. burnetii, only one (12.5%) received spe- 

ific antimicrobial therapy with doxycycline and hydroxychloro- 

uine. This patient, who had an antibody titer of 1:10,0 0 0, fulfilled 

 Duke major criterion for infective endocarditis but had previously 

ielded S. aureus in blood cultures. Another patient with an anti- 
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Table 3 

Serological testing results during diagnosis and follow-up periods. 

Diagnosis Follow-up 

Total BCNIE BCPIE P -value a Total BCNIE BCPIE P -value a 

B. henselae 

No. of tested cases 194 48 146 97 b 26 71 

Positivity 29 (14.9) 8 (16.7) 21 (14.4) 0.350 17 (17.5) 3 (11.5) 14 (19.7) 0.261 

Brucella spp. 

No. of tested cases 196 49 147 93 22 71 

Positivity 3 (1.5) 1 (2.0) 2 (1.4) 0.277 2 (2.2) 1 (4.5) 1 (1.4) 0.618 

C. burnetii (total IgG) 

No. of tested cases 26 5 21 17 4 13 

Positivity 5 (19.2) 3 (60.0) 2 (9.5) 0.048 2 (11.8) 1 (25.0) 1 (7.7) 0.627 

C. burnetii ( phase I IgG) 

No. of tested cases 33 6 27 11 3 8 

Positivity 8 (24.2) 2 (33.3) 6 (22.2) 0.724 5 (45.5) 2 (66.6) 3 (37.5) 0.600 

M. pneumoniae 

No. of tested cases 201 48 153 93 21 72 

Positivity 14 (6.9) 3 (6.3) 11 (7.2) 0.823 3 (3.2) 0 (0.0) 3 (4.2) 0.632 

BCNIE, blood-culture negative infective endocarditis; BCPIE, blood-culture positive infective endocarditis; B. henselae, Bartonella henselae; C. burnetii, Coxiella burnetii; M. 

pneumoniae, Mycoplasma pneumoniae . 
a Two-tailed Chi-squared test or Fisher exact test as corresponding. 
b One B. henselae serology result during follow-up was equivocal and could not be reclassified as no retesting was performed. This result was excluded from the positivity 

rate. 

b

r

D

M

C

r

e

0

C  

0

B

a

d

v

D

t

n

a

f

r

t

t

t

B

w

s

h

p

e

[  

s

C

s

C

o

e

a

p

a

o

p

e

i

t

p

p

a

a

B

v

t

u

s

P

7

i

a

s

b

l

u

e

r

f

s

a

s

e

m

t

a

c

m

ody titer of 1:1,280 also met a major Duke criterion but did not 

eceive targeted treatment. All B. henselae serologies were below 

uke’s threshold, with titers not exceeding 1:800. 

ultivariable analysis 

In multivariable logistic regression adjusting for age, sex, and 

harlson comorbidity index, none of the microorganisms’ serology 

esults showed a statistically significant association with full recov- 

ry from the IE episode. The adjusted odds ratios were: B. henselae 

.76 (95% CI: 0.28-2.06; P = 0.592), C. burnetii total IgG 0.60 (95% 

I: 0.04-10.34; P = 0.726), and C. burnetii phase I IgG 1.77 (95% CI:

.31-10.19; P = 0.522). Due to the small number of positives for 

rucella spp. and M. pneumoniae , these microorganisms were not 

nalyzed. 

Age (aOR = 0.96; 95% CI: 0.94-0.98; P = 0.001) and Charlson in- 

ex (aOR = 0.89; 95% CI: 0.79-1.00; P = 0.040) were the only co- 

ariates significantly associated with recovery. 

iscussion 

This study characterized IE patients over 14 years at a ter- 

iary care center. In our cohort, 22.3% of IE episodes were culture- 

egative, slightly higher than 14-17% reported in other European 

nd Spanish series [ 14 , 15 ], although historical prevalence ranges 

rom 2.5% to 31% [ 16 ]. More than one-fourth of BCNIE patients 

eceived antibiotics prior to culture collection, representing more 

han tenfold increase compared to BCPIE. This finding underscores 

he critical impact of pre-treatment on culture yield and highlights 

he need for optimized diagnostic strategies. 

Baseline characteristics were largely similar between BCNIE and 

CPIE patients. Surgery was more frequently required in BCNIE, 

hich may be explained by the higher risk of complications as- 

ociated with delayed or less effective antimicrobial therapy [ 17 ]; 

owever, in-hospital mortality did not differ between groups, as 

reviously reported in several cohorts [ 2 , 18 ]. 

Consistent with previous studies, C. burnetii and Bartonella spp. 

merged as the most frequently detected pathogens in our cohort 

 19 , 20 ], while Brucella spp. and M. pneumoniae were rare. However,

eropositivity seldom translated into clinical utility, as only a single 

. burnetii case received targeted therapy. 

Clinicians may disregard serological positives for several rea- 

ons. First, long-term serological follow-up in Q fever shows that 
5

. burnetii phase I IgG can persist for years even without signs 

f chronic infection, complicating the interpretation of active dis- 

ase [ 21 ]. Second, nonspecific reactivity can obscure interpretation: 

 recent study using chemiluminescent assays found that false- 

ositive serologies for B. henselae and C. burnetii were significantly 

ssociated with the presence of extractable nuclear antigens and 

lder age, suggesting that autoantibody-mediated interference can 

roduce misleading results [ 22 ]. These limitations can lead to over- 

stimating the infectious burden and reduce clinicians’ confidence 

n serology alone, explaining why positive results often do not lead 

o treatment decisions. 

Given limited clinical utility of serology, molecular techniques 

rovide a more accurate alternative and can directly detect 

athogen DNA in blood or valve tissue, thus providing higher di- 

gnostic accuracy [ 23 ]. Independent evidence further supports this 

pproach: in the Spanish GAMES cohort, approximately half of 

artonella spp. serology-positive cases were not concordant with 

alve polymerase chain reaction (PCR) results [ 24 ], and none of 

he seropositive cases in our study could be confirmed by molec- 

lar techniques. Similarly, Endres et al. [ 25 ] found that 50% of 

erology-negative cases were false negatives when evaluated by 

CR, and tissue PCR results impacted antimicrobial treatment in 

4% of cases—a significantly higher rate than observed for serology 

n our cohort. 

These data argue against routine serology for all IE patients 

nd favor a selective, epidemiology-guided approach. In this 

trategy, serology would be reserved for patients with negative 

lood cultures, high clinical suspicion for zoonotic or intracellu- 

ar pathogens, or relevant epidemiological exposures, with molec- 

lar confirmation incorporated whenever possible. From a cost- 

ffectiveness perspective, while no studies have explored serology- 

elated economic impact, our data suggest that systematic serology 

or all IE patients imposes a substantial burden on healthcare re- 

ources relative to its limited actionable value. A targeted approach 

ligns with antimicrobial stewardship principles, reduces unneces- 

ary testing, and focuses resources on patients most likely to ben- 

fit [ 26 ]. 

Our study has several limitations. First, its single-center design 

ay have introduced geographic bias, while its retrospective na- 

ure may account for information bias, particularly regarding prior 

ntibiotic exposure and animal contact history. Second, the use of 

ommercial kit thresholds rather than Duke-recommended cut-offs 

ay have led to classification of weakly positive results with un- 
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lear clinical meaning. However, this approach reflects real-world 

linical practice and was necessary to accurately evaluate cases 

ver a long period (2008-2021), during which the Duke criteria did 

ot consistently account for less common pathogens such as Bar- 

onella spp., Brucella spp., or M. pneumoniae . The thresholds pro- 

ided by validated commercial kits corresponded to the serological 

vidence that guided clinical decisions at the time of diagnosis, en- 

uring consistency and appropriateness in our retrospective study. 

hird, the limited sample size of the BCNIE subgroup constitutes a 

otential limitation, as it may have decreased the statistical power 

f the analyses and hindered the detection of existing differences 

etween groups. Finally, molecular diagnostics, including PCR, were 

ot systematically performed in our cohort but may improve etio- 

ogical diagnosis in future BCNIE cases. 

While PCR is now widely available, metagenomics remains 

echnically demanding and costly, limiting its routine use. As these 

echnologies become faster and more affordable, integrating selec- 

ive serology, PCR, and targeted metagenomics in a tiered diagnos- 

ic approach could optimize accuracy and resource utilization in 

CNIE [ 27 , 28 ]. 

onclusions 

Routine serological testing in IE offers minimal diagnostic and 

herapeutic benefit. Despite positive serological results being rela- 

ively common, they rarely influence clinical management or im- 

rove patient outcomes. A selective approach restricted to BC- 

IE cases with epidemiological risk factors appears more appro- 

riate and cost-effective. Future studies should prioritize molecu- 

ar diagnostic methods to improve microbiological yield and guide 

argeted antimicrobial therapy in culture-negative infective endo- 

arditis. 
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