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a b s t r a c t 

Objectives: Host responses to infection are a major determinant of outcome. However, the existence of 

different response profiles in patients with endocarditis has not been addressed. Our objective was to 

apply transcriptomics to identify endotypes in patients with infective endocarditis. 

Methods: A total of 32 patients with infective endocarditis were studied. Clinical data and blood samples 

were collected at diagnosis and RNA sequenced. Gene expression was used to identify two clusters (endo- 

carditis endotype 1 [EE1] and endocarditis endotype 2 [EE2]). RNA sequencing was repeated after surgery. 

Transcriptionally active cell populations were identified by deconvolution. Differences between endotypes 

in clinical data, survival, gene expression, and molecular pathways involved were assessed. The identified 

endotypes were recapitulated in a cohort of COVID-19 patients. 

Results: A total of 18 and 14 patients were assigned to EE1 and EE2, respectively, with no differences in 

clinical data. Patients assigned to EE2 showed an enrichment in genes related to T-cell maturation and a 

decrease in the activation of the signal transducer and activator of transcription protein family pathway, 

with higher counts of active T cells and lower counts of neutrophils. A total of 14 patients (nine in EE1 

and five in EE2) were submitted to surgery. Surgery in EE2 patients shifted gene expression toward a 

EE1-like profile. In-hospital mortality was higher in EE1 (56% vs 14%, P = 0.027), with an adjusted hazard 

ratio of 12.987 (95% confidence interval 3.356-50). Translation of these endotypes to COVID-19 and non–

COVID-19 septic patients yielded similar results in cell populations and outcome. 

Conclusions: Gene expression reveals two endotypes in patients with acute endocarditis, with different 

underlying pathogenetic mechanisms, responses to surgery, and outcomes. 

© 2024 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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ntroduction 

Infective endocarditis is a severe disease caused by the infec- 

ion of heart valves and endocardium by a pathogenic germ. The 

ncidence of endocarditis in a non-selected population is around 

5-80 cases per million inhabitants and year and increases up to 5- 

0 cases per 10 0 0 inhabitants and year in high-risk groups, such as 

hose with a prosthetic heart valve [ 1 ]. Despite these relatively low 

ncidences, endocarditis remains a major health issue due to its el- 

vated mortality (in-hospital mortality of 20-30% [ 2 , 3 ]) and the as-

ociated resource consumption. Antimicrobial therapy and surgery 

emain the basis of treatment, and up to 50% of the patients re- 

uire surgical replacement of the affected valves to control the in- 

ectious source and restore hemodynamics [ 4 ]. 

The outcome in infective endocarditis is conditioned by the in- 

eraction between the causing pathogen and the host [ 5 ]. Virulent 

r resistant microorganisms show higher morbidity and mortality 

ates. Host risk factors include previous comorbidities, history of 

ardiac diseases, and existing intracardiac devices. Moreover, en- 

ocarditis triggers a systemic host response that may contribute to 

athogenesis and outcome. The most evident cases of this exacer- 

ated systemic response fall within the diagnosis of sepsis and are 

inked to the high mortality rates [ 6 ]. 

Recent evidence shows that critically ill patients with a com- 

on set of symptoms and signs may have very different under- 

ying pathogenetic mechanisms. These specific, mechanistic-driven 

roups are termed endotypes [ 7 ]. The different pathogenesis may 

esult in specific responses to therapeutic measures that cannot 

e detected in trials including an unselected population. Several 

ystemic endotypes with different immune features and mortality 

ave been described in sepsis [ 8 , 9 ] and in severe infections caused

y the coronavirus [ 10 ]. 

The objective of this work is to identify the existence of endo- 

ypes in a prospective cohort of patients with infective endocardi- 

is. Bulk RNA sequencing (RNA-seq) from peripheral blood allows 

atient clustering according to their transcriptomic profiles at di- 

gnosis and during their follow-up. Clinical data, outcomes, and 

esponses to surgery were assessed in a cluster-specific manner to 

dentify the differences in the pathogenesis that could help to find 

ersonalized treatments and, ultimately, improve the outcome in 

his fragile population. 

ethods 

tudy design 

The study protocol was reviewed and approved by Comité de 

tica de la Investigación Clínica del Principado de Asturias (refer- 

nce 2021.122) and registered in clinicaltrials.gov (NCT04838938). 

nformed consent was obtained from all patients or their next of 

in. The inclusion criteria were age 18 years or older and a diagno- 

is of definite infective endocarditis according to the Duke criteria 

 11 ]. The exclusion criteria were refusal to participate, immunosup- 

ression, terminal status, or do-not-resuscitate orders. 

Due to the absence of preliminary data, no formal calculation of 

he sample size was performed. Instead, we planned to include all 

atients for 1 year. Thus, all consecutive patients from April 2021 

o March 2022 were prospectively included. 

All patients followed up by the hospital endocarditis team were 

creened. Once a diagnosis of definite endocarditis was done, in- 

ormed consent was obtained, clinical data were collected, and a 

lood sample for RNA-seq was drawn. An additional 5-ml sample 

as collected in a Vacutainer serum tube (BD Biosciences), iso- 

ated by centrifugation, and stored at –80 °C until analysis. Serum 

nterleukin-6 concentration was determined by electrochemilumi- 

escence immunoassay using a Cobas PRO analyzer (Roche Diag- 
2

ostics). The included patients were followed up to hospital dis- 

harge. In those patients in whom surgery was performed, a sec- 

nd blood sample for RNA-seq was taken the day after the inter- 

ention. The primary end point was hospital death. 

NA sequencing 

Peripheral blood RNA was purified and sequenced in an Ion Tor- 

ent platform, as previously described [ 12 ]. Raw fastQ files were 

seudoaligned against an index (built using the Genome Reference 

onsortium Human Build 38 38 Organism genome as reference) 

sing Salmon 1.9 [ 13 ]. The resulting transcript counts were im- 

orted into R using the packages Annotationhub and tximport [ 14 ] 

o obtain gene counts. 

lustering 

Patients were classified into clusters at diagnosis using log2- 

ransformed expression of the 5% genes with the largest variance. 

uclidean distances were calculated, and Ward clustering algorithm 

as applied. The two first emerging clusters were termed endo- 

arditis endotype 1 (EE1) and endocarditis endotype 2 (EE2). Clus- 

ers were represented in a two-dimensional space using the uni- 

orm manifold approximation and projection (UMAP) algorithm. 

nalysis of differentially expressed genes 

Differences in gene expression between groups of interest (ei- 

her endotypes or before and after surgery) were assessed using 

he software package DEseq2 for R [ 15 ]. The log2 (fold change) 

or each gene between endotypes, with the adjusted P -value (cor- 

ected using a false discovery rate of 0.05) were calculated. En- 

iched pathways corresponding to genes with differential expres- 

ion were identified by gene set enrichment analysis (GSEA) using 

he R package clusterprofiler [ 16 ]. 

econvolution of cell populations 

Peripheral blood gene expression was also used to identify the 

roportion of circulating, transcriptionally active cell populations 

y deconvolution of bulk RNA-seq using a previously validated ref- 

rence matrix ( Immunostates [ 17 ]), after removing cell types not 

resent in peripheral blood. 

xternal validation 

The identified endotypes were validated in two external co- 

orts. Because there are no other publicly available data sets re- 

orting host gene expression from patients with endocarditis, we 

ested our findings in a cohort of patients with COVID-19 and in 

 cohort of patients with sepsis. First, a transcriptomic score was 

alculated as the geometric mean of the normalized expression of 

he 20 genes with top statistical differences (based on the Wald 

tatistic) between EE1 and EE2. The resulting raw scores were nor- 

alized to z-scores to aid comparisons. A cut-off value of −0.5 de- 

ned both endotypes with no overlap. Then, the same score was 

alculated in a cohort of 56 patients with severe COVID-19 (see ref- 

rence [ 10 ] for details), using transcriptomic data obtained in the 

rst 72 hours after intensive care unit (ICU) admission. Similarly, 

he score was calculated in a cohort of 19 patients with severe sep- 

is, included in an ongoing multicentric study (Precision Medicine 

or PostIntensive Care Syndrome [PreMed4PICS]). This study has 

een registered in ClinicalTrials.gov (NCT05518786). Transcriptomes 

ere obtained at ICU admission. Patients from each external co- 

orts were divided in two clusters using the previously defined 

ut-off point. Peripheral blood cell counts were obtained using de- 

onvolution and ICU survival was modeled. 
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Figure 1. Study flow and clustering. (a) Study flow diagram. (b) Hierarchical clus- 

tering tree, showing the two main endocarditis endotypes (EE1/EE2). (c) UMAP with 

a bidimensional representation of each transcriptome at diagnosis. 

UMAP, uniform manifold approximation and projection. 

S

d

a

c

l

c

F

u

c

m  

fi

w

t

[  

t

e

R

t

R

y

O

s

d

a

T

C

s

p

e

e

j

1

s

(

D

c

g

s

f

p

o

l

r

t

l

w

f

i

t

r

B

l

E

c

t

D

t  

u

B

g

s

R

s

d

b

a

W

i

g

e

t

tatistical analysis 

Data were collected by the research team in a dedicated 

atabase. No imputation of missing data was performed. Results 

re shown as median (interquartile range) or absolute count (per- 

entage). Differences between endotypes in clinical variables or 

aboratory data were analyzed using a two-tailed Wilcoxon or a 

hi-square test (for quantitative and qualitative data respectively). 

or survival assessment, a competing risks model was constructed 

sing death and hospital discharge alive as competing events. A 

ompeting risk model was applied given that censoring is infor- 

ative in this setting [ 18–20 ]. The hazard ratio (with its 95% con-

dence interval) for each outcome, after adjusting by age and sex, 

as calculated. All the analyses were performed using the R statis- 

ical language (version 4.2.0) with packages ggplot2 [ 21 ], pheatmap 

 22 ], and survival [ 23 ], in addition to those previously cited. All

he code and raw data can be found at https://github.com/Crit-Lab/ 

ndocarditis_endotypes . 

ole of the funding source 

The funding sources had no role on study design, data acquisi- 

ion, analysis or interpretation, or manuscript submission. 

esults 

A total of 32 consecutive cases of endocarditis (age 69 [62-77] 

ears and 26 males and six females) were included in the study. 

verall, the in-hospital mortality was 37.5% (12 cases). Figure 1 a 

hows the patient flow across the study. Table 1 shows the main 

emographical and clinical data at diagnosis. All patients received 
3

ntibiotic treatment covering the identified germs (Supplementary 

able 1). 

lustering 

Whole blood RNA was obtained from samples drawn at diagno- 

is and sequenced. Patients were clustered according to their RNA 

rofiles. Using the 5% genes with the highest variance, two differ- 

nt clusters (EE1 and EE2), with 18 and 14 patients, respectively, 

merged ( Figure 1 b), with a clear separation in the UMAP pro- 

ection of their transcriptomes ( Figure 1 c). Supplementary Figure 

 shows the heatmap of these genes by cluster. 

Clinical data at admission were then compared. There were no 

ignificant differences between clusters in the collected variables 

 Table 1 ). 

ifferential expression analysis 

There were 6577 genes with differential expression between 

lusters ( Figure 2 a). The complete list of differentially expressed 

enes is provided in Supplementary file 1. Supplementary Figure 2 

hows the heatmap with the genes with the most significant dif- 

erential expression ( P -value lower than 10−5 ), illustrating the op- 

osite responses in both groups. 

A GSEA was performed in these genes, revealing 199 gene 

ntology terms (Supplementary file 2), with an adjusted P -value 

ower than 0.01. Figure 2 b shows the main gene ontologies en- 

iched in each endotype, and Figure 2 c shows the tree plot with 

he differences between endotypes. Notably, several gene sets re- 

ated to T-cell selection and maturation were upregulated in EE2, 

hereas the signal transducer and activator of transcription protein 

amily signaling pathway was downregulated. The specific genes of 

nflammatory cytokines and chemokines and their comparison be- 

ween endotypes are provided in Supplementary file 3. 

There were no significant differences between groups in pe- 

ipheral cell counts ( Table 1 ) or the neutrophil/lymphocyte ratio. 

ulk transcriptomes were also deconvoluted to estimate the under- 

ying transcriptionally active cell populations. Patients assigned to 

E2 showed lower proportions of functional neutrophils and higher 

ounts of T and B lymphocytes, suggesting an adaptative response 

o the disease ( Figure 2 d and Supplementary Figure 3). 

ifferences according to microbiological results 

We assessed the differences in gene expression between pa- 

ients with (n = 18) and without (n = 14) an isolation of a vir-

lent germ (i.e. Staphylococci or Enterococci ). Only one gene ( HLA- 

 ) was differentially expressed. The distribution of these virulent 

erms was similar across endotypes (12 in EE1 and 6 in EE2, chi- 

quare P = 0.323). 

esponse to surgery 

Nine and five patients from EE1 and EE2, respectively, were 

ubmitted to surgery for valve replacement. The median time from 

iagnosis to surgery was 1 (0-4) days, with no relevant differences 

etween clusters (1 [0-3] vs 2 [ 1-5 ], P = 0.147). 

In 13 of these patients (nine in EE1 and four in EE2 cluster), 

 new transcriptomic profile was obtained the day after surgery. 

e then compared the gene expression before and after surgery 

n each cluster. There were 1196 and 4076 differentially expressed 

enes in EE1 and EE2, respectively. Of these, 795 genes with differ- 

ntial expression were shared between clusters. The GSEA revealed 

hat the enriched categories in EE1 were related to the repression 

https://github.com/Crit-Lab/endocarditis_endotypes
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Table 1 

Demographical and clinical data. 

Endotype 1 Endotype 2 P -value 

Sex 15 11 1 

Male 3 3 

Female 

Age (year) 71 (60.75-81) 69 (63.5-74.5) 0.746 

Body mass index (kg/m2 ) 26.97 (22.31-30.34) 28.57 (25.4-33.48) 0.166 

Charlson score 4 (2.25-5) 4 (2.25-4) 0.524 

Comorbidities 

Chronic obstructive pulmonary disease 2 0 0.581 

Coronary disease 2 3 0.759 

Congestive heart failure 5 2 0.628 

Diabetes 5 6 0.606 

Arterial hypertension 11 7 0.788 

Dyslipidemia 8 10 0.243 

Chronic kidney failure 1 2 0.819 

Chronic liver failure 2 0 0.581 

Etiology 

Type 0.155 

Prosthetic valve 12 5 

Native valve 6 8 

Intracardiac device 0 1 

Affected valve 0.722 

Aortic 8 8 0.188 

Mitral 13 6 1 

Tricuspid 1 0 0.898 

Pulmonic 0 1 0.898 

Pacemaker 0 1 

Isolated germs 0.5 

None 1 1 

S aureus/lugdunensis 6 3 

S epidermidis 2 3 

E faecalis 4 0 

Streptococci 3 3 

Gram-negative bacilli 0 1 

Other 1 2 

Polymicrobial 1 1 

Clinical data and treatment 

Initial symptoms 1 

Fever 14 11 0.411 

Cardiological 6 2 1 

Neurological 4 3 0.304 

Pulmonary 5 1 1 

Renal 1 0 0.358 

Rheumatic 0 2 

Time since symptom onset 0.695 

Less than 2 weeks 10 8 

2-4 weeks 3 2 

1-3 months 5 3 

More than 3 months 0 1 

Surgery 9 5 0.653 

EuroSCORE-II–predicted mortality 24 (10.75 - 44.75) 20 (11.25 - 29) 0.53 

Data at diagnosis 

Leukocytes ( μ/l) 12735 (10550 - 19707.5) 9925 (8582.5 - 14025) 0.16 

Neutrophils ( μ/l) 11310 (8842.5 - 17495) 8240 (6630 - 11667.5) 0.149 

Lymphocytes ( μ/l) 880 (655 - 1175) 730 (615 - 1282.5) 0.582 

Neutrophil/lymphocyte ratio 13.72 (8.43 - 20.58) 12.98 (6.34 - 19.21) 0.779 

Monocytes ( μ/l) 825 (610 - 1100) 900 (555 - 1045) 0.97 

Hemoglobin (g/dl) 11.25 (9.53 - 12.12) 12.45 (11.22 - 13.17) 0.196 

Platelets ( μ/l) 154000 (127750 - 240000) 214500 (91000 - 258000) 0.909 

Creatinine (mg/dl) 1.16 (0.94 - 1.56) 1.23 (0.92 - 1.48) 0.924 

C-reactive protein (IU/l) 13.18 (11.47 - 23.37) 12.3 (6.9 - 17.2) 0.254 

Interleukin-6 (pg/ml) 25.45 (11.22-93.97) 25.90 (19.14-71.50) 0.881 

o

p

s

w

c

U

c

p

w

s

s

s

p

s

E

f the innate immune response and natural killer cell activity (Sup- 

lementary Figure 4). However, changes in EE2 after surgery re- 

embled those observed in EE1 (at diagnosis and after surgery), 

ith downregulation of pathways related to lymphocyte and T- 

ell activation and RNA processing (Supplementary Figure 5). The 

MAP representation of transcriptomes before and after surgery 

onfirms these changes in gene expression and the evolution of the 

rofile in EE2 (Supplementary Figure 6). 
4

To find a differential response to surgery between endotypes, 

e identified those pathways with enrichment scores with oppo- 

ite sign in each cluster after surgery ( Figure 3 a). First, we ob- 

erved that there were no pathways with positive enriched scores, 

uggesting that surgery leads to a massive shutdown of gene ex- 

ression in both endotypes. Differential categories included repres- 

ion of neutrophil function and cytokine-mediated inflammation in 

E1 and downregulation of a large variety of genetic and epigenetic 
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Figure 2. Differences in gene expression between endotypes. (a) Volcano plot illustrating fold change and statistical significance for each gene. Genes corresponding to the 

interferon pathway (enriched in EE1) and in T-cell proliferation and differentiation (enriched in EE2) are labelled. (b) Top enriched gene ontologies in each endotype. (c) 

Tree plot showing the pathways with differential enrichment. DC: deconvolution of main transcriptionally active cell populations in peripheral blood in each endotype (see 

Supplementary Figure 3 for all the identified populations). P -values represent the result of a Wilcoxon test. 

CD, clusters of differentiation; EE1 and EE2, endocarditis endotypes 1 and 2; STAT, signal transducer and activator of transcription protein family. 
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echanisms, including RNA metabolism and histone methylation, 

n EE2. When circulating cell populations were quantified by RNA 

econvolution, all the differences between clusters observed at di- 

gnosis disappeared after surgery ( Figure 3 b). 

utcomes 

Despite no clinical differences at diagnosis, the two identified 

ndotypes showed different trajectories of the disease. Regarding 

rgan failures, there were no differences in the incidence of kid- 

ey or liver failure; however, patients assigned to EE1 showed a 

igher proportion of cardiac failure ( Figure 4 a). There were no dif- 

erences in outcomes between patients with and without isolation 

f a virulent germ (Supplementary Figure 7). 

Patients in the EE1 cluster showed a significantly higher in- 

ospital mortality: 10 of 18 (56%) patients in EE1 died compared 

ith two of 14 (14%) in EE2 (odds ratio 7.0421 [1.075-83.333], 

isher’s test P = 0.027). In the patients submitted to surgery, mor- 

ality was four of nine in EE1 and two of five in EE2. In non-

perated patients, mortality was six of nine in EE1 and zero of nine 

n EE2. 

When compared using a competing risks analysis, after adjust- 

ng by age, sex, presence of a virulent germ, and involvement of 

ither native or prosthetic valves, assignment to EE1 was associ- 

ted with higher mortality ( Figure 4 b), with a hazard ratio of 13.8
5

2.7-71.4). Figures 4 b and 4 c show the probabilities of hospital dis- 

harge alive and death, respectively. 

alidation in COVID-19 and non–COVID-19 sepsis cohorts 

To translate our findings to a different cohort of severe patients, 

e first computed a transcriptomic score in patients with endo- 

arditis, using the 20 genes with top absolute values of the Wald 

tatistic. After normalization, a cut-off value of −0.5 correctly clas- 

ified patients in the corresponding endotype ( Figure 5 a). Then, the 

ame score was calculated in a cohort of 56 patients with severe 

OVID-19, and the cut-off point was used to classify them into 

wo clusters ( Figure 5 b). Individual expression of the genes used 

o compute this score is shown in Supplementary Figure 8. These 

lusters of patients with COVID-19 showed differences in transcrip- 

ionally active neutrophils, clusters of differentiation 4 + , and clus- 

ers of differentiation 8 + cells similar to those observed in EE1 

nd EE2 (Supplementary Figure 9). Similarly, the score was calcu- 

ated in an additional cohort of 19 patients with sepsis admitted 

o the ICU. The −0.5 cut-off point classified them into two clusters 

 Figure 5 c). The individual expression of the genes used to com- 

ute this score is shown in Supplementary Figure 8. The overlap 

n main gene ontologies, differentially enriched between endotypes 

nd for each condition, is depicted in Figure 5 d. Importantly, 432 

ndotype-specific gene ontologies were shared across the three co- 
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Figure 3. Response to surgery. (a) Pathways with opposite enrichment in each endotype after surgery. (b) Cell populations before and after surgery in each endotype. 

P -values were obtained using an analysis of the covariance to account for regression to the mean. 

CD, clusters of differentiation; DC, dendritic cell; NK, natural killer. 
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cohort. 
orts. In line with the previous results, ICU outcome ( Figures 5 e 

nd f) was better in patients assigned to cluster 2 in both valida- 

ion cohorts. 

iscussion 

Our results illustrate how transcriptomics can help reveal two 

ndotypes in patients with endocarditis, each one with specific 

athophysiologic mechanisms, despite no major clinical differ- 

nces. Moreover, the responses to surgery and outcomes in these 

wo endotypes are different. These findings suggest that risk pre- 

iction and therapeutic approaches in endocarditis can be person- 

lized based on peripheral blood gene expression. 

ystemic responses in endocarditis 

Transcriptomic profiling and pathway analysis allowed us to 

dentify the underlying pathogenetic mechanisms in each endo- 

ype. EE1, linked to higher mortality rates, is characterized by the 

verexpression of interferon genes and the corresponding down- 

tream activation of the signal transducer and activator of tran- 

cription protein family pathway, with an increase in functional cir- 

ulating neutrophils. In contrast, EE2 patients show an increased 

xpression of genes related to T-cell activation. These changes 

ould be interpretated as either the predominance of dysregulated 

r adaptative responses to the infection. 

The systemic response to endocarditis depends on pathogen- 

nd host-related factors. Although specific bacterial strains may 

recipitate systemic responses due to the release of virulence fac- 

ors, we did not find differences in isolated bacteria between 
6

ndotypes. Other studies have identified genomic variants in 

nterleukin-6 and interleukin-1 β linked to a more severe systemic 

esponse to endocarditis [ 24 ]. Because we did not have our pa- 

ients’ genotypes, the link between genome and transcriptome can- 

ot be clarified. However, the switch observed in EE2 patients after 

urgery suggests that there are environmental, non-genetic mech- 

nisms modulating these responses [ 25 ]. 

Endocarditis treatment includes antibiotics and surgery to erad- 

cate the germs, remove the source of the infection, and restore 

alvular function and hemodynamics. The timing of surgery is still 

 matter of debate [ 4 ]. A randomized clinical trial [ 26 ] showed a

enefit in relapse and hospitalization, with no differences in the 6- 

onth survival in patients assigned to early surgery; however, the 

tudy population was younger and had less severe cases than our 

ohort. It is unclear how this strategy can be translated to more 

evere cases, in which as cardiac surgery can precipitate further 

eterioration [ 27 ]. Interestingly, changes in gene expression after 

urgery did not alter the phenotype in EE1 but caused a switch 

n EE2 toward an EE1-like profile. This raises the hypothesis that 

 second hit or the accumulation of insults to the immune sys- 

em may lead to the activation of an innate, neutrophil-mediated 

esponse that may be pathogenetic [ 28 ]. Although the reduced 

ample size precludes any firm conclusion, it must be noted that 

ll the deaths in EE2 were after surgery and maybe the delay in 

urgery in this group with adaptative responses can facilitate heal- 

ng and avoids the accumulation of triggering events. Moreover, 

 suppression of T-cell–mediated response in the early postoper- 

tive period has been described in patients undergoing abdom- 

nal surgery [ 29 ]. This surgery-induced immune response could 

ave also contributed with the endotype switching observed in our 
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Figure 4. Outcomes. (a) Incidence of organ failure in each endotype. (b) Cumulative incidence of hospital discharge alive in each endotype. (c) Cumulative incidence of 

death. HR were calculated after adjustment by age, sex, presence of a virulent germ ( Staphylococcus aureus or Enterococci ), and involvement of native or prosthetic valve. 

EE1 and EE2, endocarditis endotypes 1 and 2; HR, hazard ratios. 
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ther endotypes in critically ill patients 

Our findings are in line with studies identifying endo- 

ypes/subphenotypes within other critical conditions. It has been 

hown that patients with sepsis and acute respiratory distress syn- 

rome can be separated into clinically relevant subgroups. How- 

ver, the identified subphenotypes are mainly driven by differences 

n underlying diagnoses [ 30 ]. 

Regarding endotypes (i.e. differences in gene expression in pa- 

ients with the same disease), we described two clusters in pa- 

ients with severe infection caused by SARS-CoV-2 [ 10 ]. The trans- 

ation of the endocarditis endotypes to this cohort showed simi- 

ar results, suggesting that endotypes are host-dependent features, 

ommon to different diseases. Other endotypes with differences in 

eripheral blood cell counts and pathogenesis have been identi- 

ed in sepsis [ 8 , 9 ], reinforcing this hypothesis. Similarly, we have

lso recapitulated the endocarditis endotypes in an additional co- 

ort of patients with sepsis. Notably, all these clustering analy- 

es show that those patients in which the systemic response is 

haracterized by neutrophilia and the expression of proinflamma- 

ory cytokines show higher mortality rates and might benefit from 

mmunomodulatory treatments such as steroids [ 10 ]. In contrast, 

hose patients with adaptative responses, characterized by T- and 

-cell activation, show better outcomes and could be harmed by 

teroids. In line with this, host-directed therapies that interfere 

ith endotype-related cell and immune responses promoting an 

xacerbated inflammation and tissue injury instead of a beneficial 

nd controlled immune response may have the potential to im- 

rove these patients prognosis. Such personalized therapies have 

een tested in previous trials of drugs targeting immune response 
7

ith negative results in an unselected populations of patients with 

epsis [ 31 , 32 ]. However, the same therapeutic approach could yield 

ifferent results in selected populations according to their biologi- 

al response to infection. 

imitations and clinical consequences 

The limitations of the current study must also be highlighted. 

irst, we performed a single measurement to categorize patients, 

nd different clustering strategies may yield divergent results. 

oreover, the sample size is reduced and could have missed more 

efined endotypes. Multicentric studies could provide with larger 

ample size and, thus, higher resolution to identify additional sub- 

roups. Another limitation may be the absence of healthy controls. 

owever, the identified groups have significant differences in cir- 

ulating cell profiles and, more importantly, outcomes. This sug- 

ests that the identified endotypes may be clinically relevant. Be- 

ides, a healthy population in this setting may not be a reliable 

omparator given the objective of this study of identifying disease- 

elated endotypes. 

An additional limitation is the lack of an external validation co- 

ort that confirms our finding. Because we were unable to identify 

ther published datasets with transcriptomic data in this setting, 

e translated our findings to a well-characterized cohort of pa- 

ients with COVID-19 with clinical and transcriptomic data avail- 

ble. This external validation showed similar results and raised the 

ypothesis that these endotypes are a host-dependent trait, com- 

on to different diseases. Additional studies on endotypes are war- 

anted to confirm these results. Finally, treatments were not ran- 
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Figure 5. Translation of the endotype signature to a COVID-19 cohort. (a) Transcriptomic score calculated in patients with endocarditis using the normalized expression of the 

top 20 genes with highest Wald statistic. From these data and after normalizing, a cut-off point of −0.5 (dashed red line) was selected to discriminate between endotypes. 

(b) A transcriptomic score using the previously defined signature was calculated in a cohort of patients with COVID-19, classified using the same cut-off point into two 

clusters. (c) Previously defined signature calculated in a cohort of patients with sepsis, classified using the same cut-off point into two clusters. (d) Venn diagram illustrating 

the overlap of endotype-enriched gene ontologies for patients with endocarditis, COVID-19, and sepsis. (e) Cumulative incidence of ICU discharge alive and spontaneously 

breathing in each COVID-19 cluster. HR was calculated after adjustment by age and sex. (f) Cumulative incidence of ICU discharge alive and spontaneously breathing in each 

sepsis cluster. HR was calculated after adjustment by age and sex. 

HR, hazard ratio; ICU, intensive care unit. 
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omized, so there is a risk of indication bias regarding surgery or 

ther unmeasured confounders. 

Given these limitations, our findings should be taken with cau- 

ion. Current guidelines advocate for emergent surgery in endo- 

arditis with systemic embolisms and severe hemodynamic insta- 

ility [ 33 ] and are to be followed until more evidence is avail-

ble. Similarly, the use of immunomodulatory agents from steroids 

o specific anti-inflammatory antibodies should only be considered 

ithin research studies. 

onclusion 

Our results show that clinically similar patients with endocardi- 

is can be clustered in two groups with different systemic re- 

ponses to the pathogen and surgery that result in different mor- 

ality rates. These findings could help to optimize outcome predic- 

ion and define a personalized therapeutic approach to this high- 

isk population. 
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