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Abstract

Background: Infective endocarditis (IE) remains a life-threatening condition with high mortality rates. The rising prevalence of
immunosuppressive therapies-including chemotherapy, biologics, and post-transplant regimens-has created a highly vulnerable population with
distinct epidemiological and clinical profiles.

Objective: To provide a comprehensive guide on the predisposing mechanisms, microbiological spectrum, diagnostic challenges, and
multidisciplinary management of IE in immunosuppressed patients.

Discussion: Immunosuppression alters the classic presentation of IE, often resulting in attenuated inflammatory markers and atypical clinical
signs. Diagnosis requires a high index of suspicion and the early integration of advanced imaging, such as transesophageal echocardiography
(TEE) and FDG PET-CT. Microbiologically, these patients show a higher incidence of Staphylococcus aureus, fungal pathogens (e.g.,, Candida), and
multidrug-resistant organisms. Management involves complex antimicrobial stewardship, the careful titration of immunosuppressive drugs to
balance infection control against graft rejection, and early surgical intervention in nearly 50% of cases.

Conclusion: Effective care for immunosuppressed patients with IE necessitates a personalized, multidisciplinary approach. Future research
must focus on prospective trials and the validation of molecular diagnostics to optimize outcomes in this complex cohort.
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Abbreviations: IE: Infective endocarditis; TNF-a: Tumor necrosis factor-a; JAK: Janus kinase; CIED: Cardiac implantable electronic device;
IgG: Immunoglobulin G; HIV/AIDS: Human immunodeficiency virus/Acquired immunodeficiency syndrome; CRP: C-reactive protein; ESR:
Erythrocyte sedimentation rate; sSTREM-1: Soluble triggering receptor expressed on myeloid cells-1; TTE: Transthoracic echocardiography; TEE:
Transesophageal echocardiography; CT: Computed tomography; FDG-PET/CT: Fluorodeoxyglucose positron emission tomography combined
with CT; MRI: Magnetic resonance imaging; PCR: Polymerase chain reaction; CVC: Central venous catheter; mRNA: Messenger ribonucleic acid

Introduction
prevalence rate, reported at 5-14.3 per 100,000 adults/year, with

Infective endocarditis (IE) is a cardiac pathology that con- a hospital mortality rate of up to 50% and a 5-year mortality rate

tinues to be constantly updated for study due to its high global
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of 19-82% [1-3]. This is driven by the aging population and the
use of medical devices. Although uncommon, it is nonetheless se-
rious and even fatal. It can affect any organ and system. Previous-
ly, it was mostly attributed to viridin group streptococci, which
have become less prevalent, with Staphylococcus aureus taking its
place as the primary cause [4].

It should be noted that this epidemiological aspect has
changed in recent years, as other patients are now included, such
as younger individuals, drug users, pregnant women, hemodialy-
sis patients, cancer patients, patients with rheumatic heart valve
disease, complex acquired and congenital comorbidities, and
those undergoing surgical and accessory procedures. Intracardiac
infections, while not affecting older adults, present a diagnostic,
prognostic, and therapeutic challenge due to their microbiological
variability and atypical clinical presentation, requiring multidisci-
plinary care and potentially surgical intervention at some point in
their course [4-6].

Immunosuppressed patients due to chronic degenerative dis-
eases or immunosuppressive therapies (specifically antineoplas-
tic agents, high-dose corticosteroids, or biological therapies for or-
gan transplantation) have been added to the list of risk factors for
infective endocarditis (IE). Pathophysiologically speaking, immu-
nosuppression facilitates the adhesion of pathogens to the endo-
cardium, resulting in vegetative lesions that will modify its clinical
presentation and therapeutic response [5]. Patients immunosup-
pressed by chronic degenerative diseases or immunosuppressive
therapies (specifically antineoplastic agents, high-dose cortico-
steroids, or biological treatments for organ transplantation) have
been added to the list of risk factors for IE. Two contemporary
facts regarding infective endocarditis are worth mentioning. First,
the global population is increasingly elderly, which raises the
likelihood of one or more comorbidities. Second, there has been
a noticeable increase in the use of immunotherapies for chronic
and oncological diseases. It is understood, then, that this epidemi-
ological growth and change have been paralleled by a proportion
of patients with altered immune susceptibility and, consequently,
a higher risk of opportunistic infections such as infective endocar-
ditis [5-7].

Therefore, current research and management of infective en-
docarditis require a comprehensive approach that bases its ther-
apy not only on typical risks but also on a model of individualized
medicine for each patient, considering their immune status, nos-
ocomial determinants, interactions between their immunosup-
pressive therapies (if any), and the type of infectious pathogen.
This review article addresses the emerging aspects, emphasizing
the relationship with immunosuppressive states, predisposing
mechanisms, and impact on contemporary epidemiology, as well
as current needs for improvement in prevention, diagnosis, and
treatment.

States and Mechanisms

Predisposing to Infective Endocarditis

Immunosuppressive

Solid Organ Transplant Recipients

Solid organ transplant recipients carry a substantially in-
creased risk of infective endocarditis, largely attributable to
chronic exposure to potent immunosuppressive regimens and
frequent healthcare contact. Standard maintenance therapy typ-
ically combines calcineurin inhibitors such as tacrolimus or cyclo-
sporine, antimetabolites including mycophenolate mofetil or aza-
thioprine, and long-term corticosteroids [8]. These agents exert
complementary immunosuppressive effects across both innate
and adaptive immune pathways. Calcineurin inhibitors primari-
ly impair T-cell activation and cytokine signaling, antimetabolites
limit lymphocyte proliferation by disrupting nucleotide synthesis,
and corticosteroids suppress macrophage and neutrophil func-
tion while blunting inflammatory responses [9,10].

Collectively, these mechanisms reduce the host’s ability to
effectively clear transient bacteremia, facilitating microbial per-
sistence and adherence to the endocardium. Beyond pharmaco-
logic immunosuppression, transplant recipients demonstrate
broader immune dysfunction, including altered neutrophil activ-
ity and impaired humoral responses, which further compromise
pathogen clearance [11]. This vulnerability is compounded by re-
current hospitalizations, invasive procedures, indwelling vascular
devices, and cumulative healthcare exposure, all of which increase
the frequency of bacteremic episodes and thereby heighten the
risk of endocardial infection [12].

Hematologic Malignancies and Stem Cell Transplanta-
tion

Patients with hematologic malignancies and those undergoing
hematopoietic stem cell transplantation experience profound im-
mune compromise, placing them among the highest-risk popula-
tions for infective endocarditis. Neutropenia, whether disease-re-
lated or treatment-induced, significantly impairs early bacterial
clearance from the bloodstream, allowing prolonged bacteremia
and increasing the likelihood of valvular seeding [13,14]. The du-
ration and severity of neutropenia correlate closely with infection
risk.

Disruption of mucosal barriers further contributes to suscep-
tibility. Chemotherapy-associated mucositis damages the integrity
of the oral and gastrointestinal epithelium, promoting microbial
translocation into circulation [15]. In parallel, the near-universal
need for central venous access introduces an additional risk. Cen-
tral venous catheters provide a portal of entry for microorganisms
and a surface for biofilm formation, increasing the incidence of
catheter-related bloodstream infections that may secondarily
involve the cardiac valves [16,17]. Recurrent or persistent bac-
teremia related to vascular access remains a critical mechanism
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linking this population to increased rates of infective endocarditis.
Autoimmune and Inflammatory Diseases

The expanding use of targeted immunomodulatory therapies
in autoimmune and inflammatory diseases has reshaped infection
risk profiles, including susceptibility to infective endocarditis. Bi-
ologic therapies such as tumor necrosis factor-a inhibitors, inter-
leukin pathway inhibitors, and Janus kinase inhibitors disrupt key
cytokine signaling pathways essential for antimicrobial defense
[18,19]. TNF-a inhibition interferes with macrophage activation
and innate immune coordination and has been consistently asso-
ciated with an increased incidence of serious bacterial infections
[20]. JAK inhibitors exert broader immunosuppressive effects by
interfering with multiple cytokines signaling cascades, which may
further compromise immune surveillance and pathogen clear-
ance [21].

Chronic corticosteroid therapy remains an independent and
clinically significant contributor to infection risk. Prolonged glu-
cocorticoid exposure impairs neutrophil function, suppresses
lymphocyte activity, and diminishes antigen presentation, there-
by weakening both innate and adaptive immune responses [19].
Importantly, infection risk appears dose-dependent, with higher
cumulative steroid exposure conferring progressively greater vul-
nerability [20]. In many patients, the combination of biologics and
corticosteroids produces additive immunosuppression, further
increasing susceptibility to sustained bacteremia and potential
endocardial involvement.

Oncologic Imnmunosuppression

Patients with malignancy are exposed to multifactorial im-
mune impairment arising from the underlying disease, anticancer
therapies, and repeated healthcare interactions. Cytotoxic chemo-
therapy frequently induces myelosuppression, leading to neutro-
penia, lymphopenia, and impaired humoral immunity, all of which
reduce the capacity to contain bloodstream infections [20,21]. In
addition, chemotherapy-related mucosal injury facilitates bacteri-
al translocation from epithelial surfaces into the circulation, fur-
ther increasing the risk of bacteremia [15]. These mechanisms to-
gether create a permissive environment for microbial persistence
and potential cardiac involvement.

Immune checkpoint inhibitors introduce a more complex and
evolving dimension of risk. Although these agents are designed
to enhance antitumor immunity, they frequently precipitate im-
mune-related adverse events that require treatment with high-
dose corticosteroids or other immunosuppressive agents, thereby
indirectly increasing infection susceptibility [19,20]. Emerging
data also suggest that immune dysregulation associated with
checkpoint inhibition may influence endothelial inflammation
and cardiac immune homeostasis in ways that remain incomplete-
ly characterized [21]. As clinical experience with these agents
grows, their broader implications for cardiovascular infections
warrant continued investigation.

Epidemiology and Risk Factors

Incidence and Prevalence of IE in Immunosuppressed
Patients

The epidemiology of infective endocarditis has undergone
substantial transformation in recent decades, with immunosup-
pression emerging as a principal risk factor alongside prosthetic
valve replacement, hemodialysis, venous catheters, and intrave-
nous drug use [22]. While the overall incidence of community-ac-
quired native-valve endocarditis in developed countries ranges
from 1.7 to 6.2 cases per 100,000 person-years, specific popu-
lations receiving immunosuppressive therapy face considerably
elevated risk [23]. Among solid organ transplant recipients, in-
fective endocarditis occurs in approximately 1.8% of cases, with
most episodes being healthcare-related or nosocomial in origin
[24].

The median time from transplantation to endocarditis diag-
nosis is approximately 1,017 days, indicating that the risk persists
well beyond the immediate post-transplant period [25]. Impor-
tantly, immunosuppression has been identified as an independent
predictor of infective endocarditis development in patients with
bacteremia, particularly in those with Enterococcus faecalis infec-
tion, where immunosuppression significantly increases the like-
lihood of endocardial involvement even after adjusting for other
risk factors.

Patient-Specific Risk Factors

Patient-specific risk factors substantially amplify the risk of
infective endocarditis in immunosuppressed individuals. Indwell-
ing catheters represent a critical portal of entry for bloodstream
infections and subsequent endocardial seeding. Colonized intra-
vascular catheters account for one- to two-thirds of nosocomial
endocarditis cases, with staphylococci being the predominant eti-
ologic agents [26]. Among solid organ transplant recipients with
infective endocarditis, 50% possess indwelling central venous
catheters within the 30 days prior to diagnosis, compared to 27%
of non-transplant patients with endocarditis [27].

The pathogenesis involves both direct endothelial damage
from the foreign body and indirect effects through interference
with normal valve function, creating sites of nonbacterial throm-
botic endocarditis that serve as excellent nidi for bacterial coloni-
zation during episodes of bacteremia [28]. Prosthetic valves con-
fer particularly high risk in immunosuppressed patients, with the
incidence of prosthetic valve endocarditis ranging from 0.3 to 1.2
per 100 person-years and accounting for 20-30% of all infective
endocarditis cases [29]. Patients with prosthetic valves have a 19-
fold increased risk of infective endocarditis compared to matched
controls, and when combined with immunosuppression, the risk
is further magnified [26,30].

Cardiac implantable electronic devices (CIEDs) represent an-
other major risk factor, with infection incidence increasing from
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1.45% in 2000 to 3.41% in 2012 [29]. The overall incidence of
CIED infection ranges from 1 to 10 per 1,000 device-years, with
complex devices such as implantable cardioverter-defibrillators
carrying a higher risk (8-9 per 1,000 device-years) than pacemak-
ers [22,30]. Prior valvular disease, including degenerative valvular
disease, congenital abnormalities such as a bicuspid aortic valve,
and rheumatic heart disease, creates structural abnormalities and
turbulent blood flow that damages endothelium and promotes
platelet-fibrin deposition, establishing the substrate for bacterial
adherence and vegetation formation [31-35].

Therapy-Related Risk Factors

Therapy-related risk factors, particularly the intensity and
duration of immunosuppression, play crucial roles in determin-
ing infective endocarditis risk. While specific data quantifying the
relationship between immunosuppression intensity and endo-
carditis incidence remains limited, immunosuppressant therapy
has been identified as an independent risk factor for endocardi-
tis development in multivariate analyses [26]. Among solid organ
transplant recipients, the spectrum of causative organisms differs
markedly from the general population, with fungal infections pre-
dominating early (accounting for six of 10 cases within 30 days of
transplantation) when immunosuppression is most intense, while
bacterial infections cause most cases (80%) after this period [32].
The overall mortality rate in transplant recipients with endocar-
ditis is 57%, with 58% of fatal cases not being suspected during
life, underscoring the diagnostic challenges posed by immunosup-
pression [32].

Combination of immunosuppressive regimens, which are
standard in solid organ transplantation and many autoimmune
conditions, create a state of compromised immunity that in-
creases susceptibility to both typical and atypical pathogens. In
immunosuppressed patients, Staphylococcus aureus and fungal
species (particularly Candida) are more prevalent than in the
general population, with fungal endocarditis accounting for 1-2%
of cases overall but representing a higher proportion in immuno-
compromised hosts [28,29]. The healthcare-associated nature of
most endocarditis cases in immunosuppressed patients (70.5% in
solid organ transplant recipients versus 36.3% in non-transplant
patients) reflects both the frequency of healthcare contact and
the cumulative burden of invasive procedures, indwelling devices,
and nosocomial pathogen exposure that accompanies chronic im-
munosuppression [33,37-39].

Microbiological Spectrum and Pathophysiology
Typical pathogens

Staphylococcus aureus is a Gram-positive, beta-hemolytic
bacterium that appears as cocci arranged in clusters. It is cata-
lase-positive and coagulase-positive, characteristics that help
distinguish it from other staphylococcal species. One of its most
important virulence factors is Protein A, which binds to the Fc re-
gion of IgG antibodies, reducing effective immune recognition by

interfering with complement activation and phagocytosis. S. au-
reus commonly colonizes the anterior nares and is also found on
the skin, particularly in areas such as the ears, axillae, and groin.
While it may exist harmlessly as part of the normal flora, it is fre-
quently associated with inflammatory and invasive infections, in-
cluding skin and soft tissue infections, pneumonia, septic arthritis,
and bloodstream infections.

Importantly, S. aureus accounts for approximately 28% of all
cases of infective endocarditis, highlighting its significant clinical
impact [40]. Another staphylococcal species of major clinical rele-
vance is Staphylococcus epidermidis. This organism is Gram-pos-
itive, catalase-positive, and coagulase-negative, and is a common
and typically harmless resident of human skin. Despite its low in-
trinsic virulence, S. epidermidis has become an important cause of
healthcare-associated infections. Its ability to produce adherent
biofilms allows it to attach firmly to artificial surfaces, making it
a frequent cause of infections involving prosthetic devices such as
heart valves and intravascular catheters. These biofilms protect
the bacteria from both host immune responses and antimicrobial
therapy, contributing to persistent and difficult-to-treat infections
[40].

Enterococci are Gram-positive bacteria that form part of the
normal microbial community of the gastrointestinal tract. Un-
der certain conditions, however, they can behave as opportunis-
tic pathogens. Enterococci are commonly implicated in urinary
tract infections, biliary tract infections, and infective endocardi-
tis, particularly in hospitalized patients or those with underlying
medical conditions. Their clinical importance has increased due
to their ability to survive in harsh environments and their grow-
ing resistance to multiple antimicrobial agents [40]. The HACEK
group comprising Haemophilus influenzae, Aggregatibacter spe-
cies, Cardiobacterium species, Eikenella corrodens, and Kingella
species-represents a collection of Gram-negative bacteria that are
normal inhabitants of the human oropharyngeal and upper respi-
ratory tract microbiota. Although taxonomically diverse, these or-
ganisms are grouped together because they share important clin-
ical and microbiological characteristics, most notably their ability
to cause infective endocarditis. Collectively, HACEK organisms are
responsible for approximately 3% of all cases of infective endo-
carditis [41].

HACEK endocarditis typically affects patients with underly-
ing structural heart disease, including those with damaged native
valves or prosthetic cardiac valves, and is also more frequently ob-
served in individuals with coronary artery disease. The disease is
characteristically insidious in onset, often progressing slowly and
remaining clinically silent for prolonged periods before diagno-
sis. The pathogenesis of HACEK endocarditis is believed to involve
colonization of the oropharynx, followed by transient bacteremia.
This bacteremia most commonly occurs in the setting of dental
procedures, periodontal disease, or minor mucosal trauma, allow-
ing organisms to gain access to the vascular system and subse-
quently adhere to susceptible cardiac valves. Several studies have
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reported that a significant proportion of affected patients had
recent dental work or poor oral health prior to the development
of infection [41]. HACEK organisms are generally considered to
be of low virulence, preferentially infecting structurally abnormal
or prosthetic valves rather than healthy cardiac tissue. Their fas-
tidious and slow-growing nature contributes to diagnostic chal-
lenges, as they may require prolonged incubation periods and of-
ten demonstrate low or absent growth in routine blood cultures.
Consequently, HACEK organisms should be considered in cases of
culture-negative infective endocarditis [41].

Opportunistic and Atypical Pathogens

Candida albicans is a dimorphic fungus capable of existing
in multiple morphological forms, including budding yeast and
pseudo hyphae at lower temperatures (around 20 °C), and form-
ing germ tubes at body temperature (37 °C). This ability to shift
between forms plays an important role in its pathogenicity. C. al-
bicans is an opportunistic organism that primarily causes disease
in immunocompromised individuals, including neonates, patients
receiving prolonged corticosteroid therapy, individuals with dia-
betes mellitus, and those with advanced HIV/AIDS. Clinically, Can-
dida albicans is most associated with vulvovaginal candidiasis,
but it can also cause mucocutaneous candidiasis, affecting the oral
cavity, skin, and mucosal surfaces. In more severe cases, particu-
larly in patients with neutropenia, the organism may invade the
bloodstream and internal organs, leading to disseminated candi-
diasis, a serious condition associated with significant morbidity
and mortality [42].

Aspergillus species are filamentous fungi characterized by
septate hyphae that branch at acute angles, typically around 45
degrees, a feature that is helpful for microscopic identification.
These organisms are catalase-positive and are important causes
of disease in immuno-compromised individuals. Invasive asper-
gillosis most commonly occurs in patients with impaired neutro-
phil function, such as those with chronic granulomatous disease,
as well as in individuals receiving chemotherapy or prolonged
immunosuppressive therapy. In addition to invasive disease, As-
pergillus can form aspergillomas, within preexisting lung cavities.
These cavities are often the result of prior pulmonary conditions,
most notably tuberculosis. Certain species of Aspergillus also pro-
duce aflatoxins, potent mycotoxins that have been strongly asso-
ciated with the development of hepatocellular carcinoma, under-
scoring the broader public health relevance of these fungi beyond
invasive infection [42].

Mycobacterial endocarditis is a rare clinical entity and occurs
far less frequently than endocarditis caused by more common
bacterial pathogens. Reported cases demonstrate a marked pre-
dominance of non-tuberculous mycobacteria over Mycobacterium
tuberculosis as causative agents of infective endocarditis. Owing
to their intrinsic resistance to many antimicrobial agents, my-
cobacteria are often difficult to eradicate, and infections are fre-
quently refractory to standard antimicrobial therapy. As a result,
mycobacterial endocarditis is associated with high morbidity and

mortality. Among the non-tuberculous species, rapidly growing
mycobacteria represents most reported isolates. Species such as
Mycobacterium chelonae, Mycobacterium abscessus, and Myco-
bacterium fortuitum account for approximately 68% of identified
cases, making them the predominant mycobacterial pathogens
implicated in this condition. These organisms pose significant di-
agnostic and therapeutic challenges, further contributing to poor
clinical outcomes [43].

Clinical Presentation and Diagnostic Challenges

Infective endocarditis in patients receiving immunosuppres-
sive therapy presents a major diagnostic and clinical challenge
because the host immune response is altered by medications such
as corticosteroids, biologics, chemotherapy, calcineurin inhibi-
tors, or post-transplant immunosuppression. These patients of-
ten have atypical presentations, muted inflammatory responses,
and delayed or misleading laboratory findings, which can result in
missed or late diagnoses [44,45]. Additionally, standard diagnos-
tic tools such as the Modified Duke Criteria may be less reliable in
this population, necessitating greater reliance on advanced imag-
ing modalities and adjunctive biomarkers [48]. As a result, clini-
cians must maintain a high index of suspicion and adopt a more
proactive and multimodal diagnostic approach when evaluating
suspected [E in immunosuppressed individuals [46,47].

Atypical and Blunted Clinical Manifestations

In patients receiving immunosuppressive therapy, the clas-
sical clinical features of infective endocarditis are often attenu-
ated or atypical, making early recognition difficult [45]. One of
the most significant differences is the frequent absence of fever,
which is traditionally considered a hallmark of Immunosuppres-
sive medications, particularly corticosteroids and biologic agents
targeting inflammatory pathways, that blunt the host’s febrile re-
sponse, leading to normothermia or only low-grade temperature
elevations despite ongoing infection [44]. As a result, clinicians
may underestimate the severity of illness or delay further inves-
tigation. Instead of classic signs such as fever, chills, and night
sweats, these patients may present with nonspecific symptoms
such as fatigue, malaise, anorexia, weight loss, or subtle neurolog-
ical changes [45].

Similarly, peripheral stigmata of endocarditis, such as Osler
nodes, Janewaylesions, or splinter hemorrhages, are less com-
monly observed in immunosuppressed patients due to altered
immune and inflammatory responses [47]. Cardiac murmurs may
be absent or preexisting, especially in patients with prior valvular
disease, prosthetic valves, or structural heart abnormalities. Ad-
ditionally, immunosuppressed patients are more likely to develop
subacute or indolent infections caused by atypical organisms, in-
cluding fungal pathogens, culture-negative bacteria, or opportu-
nistic microbes, further complicating clinical recognition [44,45].
Overall, the blunted and atypical presentation necessitates a
heightened clinical suspicion and a lower threshold for diagnostic
evaluation in this population.
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Laboratory Findings

Traditional laboratory markers of inflammation, such as
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
and leukocyte count, have significant limitations in immunosup-
pressed patients with infective endocarditis [45,48]. Because
these individuals have impaired immune activation, inflammatory
biomarkers may be only mildly elevated or even within normal
ranges despite active infection. This can falsely reassure clinicians
and delay diagnosis. Leukopenia, rather than leukocytosis, may be
observed in patients receiving chemotherapy or certain immuno-
suppressive agents, further obscuring the typical inflammatory
pattern associated with IE [44]. Blood cultures, which remain a
cornerstone of diagnosis, may also be affected if patients are al-
ready receiving broad-spectrum antibiotics or antifungal therapy,
leading to culture-negative endocarditis [45].

Procalcitonin has emerged as a potentially useful adjunctive
biomarker in this setting, as it may better distinguish bacterial
infection from noninfectious inflammatory conditions, even in im-
munosuppressed hosts [47]. Some studies suggest that elevated
procalcitonin levels correlate with more severe infection and can
aid in identifying IE when traditional markers are inconclusive.
Novel biomarkers, including interleukin-6, soluble triggering re-
ceptor expressed on myeloid cells-1 (sSTREM-1), and circulating
cell-free DNA, are being investigated for their potential role in ear-
lier detection of infection in immunocompromised patients [48].
However, these markers are not yet widely validated for routine
clinical use in IE and should be interpreted in conjunction with
clinical and imaging findings rather than as standalone diagnostic
tools.

Imaging Modalities

Echocardiography remains the primary imaging modality for
diagnosing infective endocarditis, but its interpretation in immu-
nosuppressed patients can be challenging [44]. Transthoracic
echocardiography (TTE) is often used as an initial screening tool
due to its noninvasive nature, but it has limited sensitivity, partic-
ularly in detecting small vegetations, prosthetic valve infections,
or early disease [44,45]. In immunosuppressed patients, where
clinical suspicion may be lower and vegetations may be smaller
or less inflammatory, TTE alone is frequently insufficient. Trans-
esophageal echocardiography (TEE), on the other hand, provides
superior visualization of cardiac structures and is significantly
more sensitive for detecting vegetations, abscesses, and prosthet-
ic valve involvement [44]. As a result, TEE should be strongly con-
sidered early in the diagnostic process when IE is suspected in
immunosuppressed individuals.

Advanced imaging techniques, such as cardiac computed to-
mography (CT) and fluorodeoxyglucose positron emission tomog-
raphy combined with CT (FDG-PET/CT), have become increas-
ingly important in complex or equivocal cases [46]. Cardiac CT is
particularly useful for evaluating perivalvular complications, such

as abscesses, pseudoaneurysms, or fistulas, which may be diffi-
cult to detect on echocardiography [46]. FDG-PET/CT can help
identify metabolic activity associated with infection, especially in
prosthetic valve endocarditis or device-related infections, where
echocardiographic findings may be inconclusive [46]. Additional-
ly, whole-body imaging plays a crucial role in detecting extracar-
diac complications of IE, such as septic emboli to the brain, spleen,
kidneys, or lungs. MRI of the brain may reveal silent embolic le-
sions, while CT or ultrasound can identify splenic abscesses or in-
farcts, which may otherwise go unnoticed in immunosuppressed
patients with minimal symptoms [45,46].

Diagnostic Criteria Limitations

The Modified Duke Criteria, which are widely used to diag-
nose infective endocarditis, have important limitations in immu-
nosuppressed patients [48]. These criteria rely heavily on major
clinical features such as persistent fever, positive blood cultures
with typical organisms, and echocardiographic evidence of vege-
tations. However, in immunosuppressed individuals, fever may be
absent, blood cultures may be negative due to prior antimicrobial
exposure, and vegetations may be small or difficult to visualize,
leading to misclassification as “possible” rather than “definite” IE
[45,48]. As a result, the sensitivity of the Duke Criteria is reduced
in this population, increasing the risk of delayed or missed diag-
nosis.

To address these limitations, several adaptations and adjunc-
tive tools have been proposed. Some experts recommend placing
greater emphasis on imaging findings, particularly TEE, cardiac CT,
and FDG-PET/CT, when evaluating immunosuppressed patients
[46,48]. The inclusion of PET-CT findings as a major criterion in
prosthetic valve or device-related infections has been suggested
to improve diagnostic accuracy [46]. Additionally, incorporating
novel biomarkers such as procalcitonin or molecular diagnostic
techniques, including polymerase chain reaction (PCR)-based
pathogen detection, may enhance sensitivity in culture-negative
cases [47,48]. Ultimately, a multidisciplinary approach that inte-
grates clinical judgment, advanced imaging, and laboratory ad-
juncts is essential for accurate diagnosis in immunosuppressed
hosts.

Therapeutic Management
Antimicrobial Therapy
Empiric Therapy Considerations

Vancomycin or daptomycin in combination with an aminogly-
coside and anti-pseudomonal beta-lactam, such as cefepime or
piperacillin-tazobactam, must provide broad-spectrum coverage
in immunosuppressed patients in order to account for an expand-
ed spectrum of potential pathogens beyond typical IE organisms
[45]. Important factors include the increased risk of nephrotox-
icity when aminoglycosides and calcineurin inhibitors are com-
bined, as well as possible drug interactions between antimicro-
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bials and immunosuppressive agents, especially azole antifungals
and macrolides, which dramatically change calcineurin inhibitor
levels through cytochrome P450 3A4 interactions [49].

Pathogen-Directed Therapy

While beta-lactam antibiotics have shown better results for
methicillin-susceptible Staphylococcus aureus even in immuno-
compromised patients, enterococcal IE necessitates combination
therapy with ampicillin plus an aminoglycoside or dual beta-lact-
am therapy to avoid nephrotoxicity concerns, which is especially
crucial in transplant recipients. Once organisms have been iden-
tified, therapy should be narrowed while maintaining bactericid-
al activity. Gram-negative IE requires long-term treatment with
anti-pseudomonal beta-lactams, frequently in combination with
aminoglycosides or fluoroquinolones based on susceptibility test-
ing. It is more common in immunocompromised individuals with
catheters or healthcare exposures [45].

Prolonged and Combination Regimens

Immunocompetent recommendations for the duration of
treatment for IE in immunosuppressed patients are usually 4-6
weeks; however, extensions to 6-8 weeks or longer may be nec-
essary due to delayed source control, persistent bacteremia, or
significant perivalvular involvement. Combination therapy has
several uses, such as preventing resistance and killing staphylo-
cocci in prosthetic valve endocarditis through improved biofilm
penetration. However, rifampin’s strong hepatic enzyme induc-
tion necessitates careful monitoring of immunosuppressant dos-
ages, with tacrolimus and cyclosporine frequently requiring three
to five-fold increases [49].

Antifungal Therapy Challenges

Fungal endocarditis, which is primarily caused by Candida
species, is much more common in immunosuppressed patients
(5-10% of transplant recipient IE cases versus <2% in the general
population). Medical therapy alone is rarely curative, and surgical
valve replacement is necessary for the best results [52]. While As-
pergillus endocarditis necessitates aggressive voriconazole-based
therapy, which is frequently combined with an echinocandin and
complicated by significant drug interactions with azole antifun-
gals, reducing tacrolimus dose requirements by 70-80% in most
patients and requiring intensive therapeutic drug monitoring,
susceptible isolates require initial echinocandin therapy followed
by fluconazole step-down for treatment [52].

Management of Inmunosuppressive Therapy
Temporary Reduction or Discontinuation

To manage immunosuppression during active IE, it is nec-
essary to weigh the potential advantages of increased immune
responses against the risks of rejection. In transplant recipients,
total discontinuation is rarely appropriate, and careful dose re-
duction with close monitoring is typically preferred [50]. While

007

corticosteroids should be kept at physiological doses to prevent
adrenal insufficiency, and calcineurin inhibitors are usually con-
tinued at therapeutic levels because they are still necessary for
rejection prevention, antimetabolites like mycophenolate mofetil
and azathioprine are usually reduced or temporarily stopped first
because they contribute most significantly to infection risk and
are less critical for rejection prevention in stable recipients [49].

Risk of Graft Rejection or Disease Flare

The risk of acute rejection after immunosuppression varies
depending on the type of organ. Heart transplant recipients are
at a particularly high risk (15-30% after significant reduction),
kidney recipients are better able to tolerate temporary reduc-
tion, especially after a year post-transplant (5-10% rejection
rates), and liver recipients are at an intermediate risk with rela-
tive immunologic privilege. Disease flare is the main concern for
non-transplant patients receiving immunosuppression for auto-
immune conditions. Patients with active diseases at IE diagnosis
and those receiving biological agents are most at risk, so careful
disease monitoring and coordination with rheumatology or other
pertinent specialists are necessary [50].

Multidisciplinary Decision-Making

To manage immunosuppression as effectively as possible,
infectious disease specialists, transplant doctors or rheumatolo-
gists, cardiologists, and cardiac surgeons must work together to
make decisions that take into consideration the severity of the
infection, the immunosuppressive regimen, the length of time
since transplantation, rejection history, and personal risk factors
[50]. The virulence of causative organism, the degree of cardiac
involvement, the antimicrobial response, and complications like
heart failure or embolic events are important factors. Ongoing
management is guided by serial monitoring of graft function using
suitable biomarkers and surveillance biopsies, when necessary,
while keeping immunosuppressive trough levels at the lower end
of therapeutic ranges frequently represents a reasonable compro-
mise between infection control and rejection prevention [49].

Surgical Intervention
Indications for Early Surgery

About 40-50% of IE patients need surgery. The main reasons
for this are heart failure brought on by severe valvular dysfunction
(the strongest indication for urgent surgery), uncontrolled infec-
tion despite the use of the right antibiotics, and prevention of em-
bolic events, especially when vegetations are larger than 10 mm
on the anterior mitral leaflet [1]. Additional surgical indications
include fungal endocarditis, which nearly always necessitates sur-
gery, perivalvular abscess formation, infection with highly resis-
tant organisms, persistent bacteremia after five to seven days of
appropriate antibiotics, and prosthetic valve endocarditis, espe-
cially if it develops early after implantation or is brought on by
staphylococci [1].
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Surgical Risk in Immunosuppressed Patients

Immunosuppressed patients face elevated perioperative risks
with increased rates of postoperative infections, impaired wound
healing, sternal dehiscence, and prolonged mechanical ventilation,
with perioperative mortality rates of 15-25% in solid organ trans-
plant recipients compared to 5-10% in the general IE population
[51]. Contributing factors include immunosuppressive medica-
tion effects on wound healing through reduced collagen synthesis
and impaired cellular migration, corticosteroid-associated sternal
wound complications particularly at doses exceeding prednisone
20 mg daily, renal dysfunction common with calcineurin inhibi-
tor use amplifying surgical risk through acute kidney injury sus-
ceptibility, and thrombocytopenia or coagulopathy complicating
perioperative bleeding management, though withholding neces-
sary surgery based solely on immunosuppression status remains
inappropriate as untreated IE carries even higher mortality [51].

Outcomes of Valve Replacement or Repair

According to Otto et al. [51], the long-term results of valve sur-
gery for IE in immunosuppressed patients show 5-year survival
rates of 60-70% for transplant recipients and 75-80% for non-im-
munosuppressed patients, with recurrent endocarditis occurring
in roughly 10-15% and 5-8% of cases, respectively [51]. When
choosing between mechanical and bioprosthetic valves, one must
carefully weigh the durability of mechanical valves, which require
lifelong warfarin anticoagulation with possible immunosuppres-
sive interactions and bleeding risk, against bioprosthetic valves,
which do not require anticoagulation but may deteriorate more
quickly. Current research indicates that there are no appreciable
differences in infection rates, so patient age, bleeding risk, and
preferences can guide the decision, while valve repair, when tech-
nically possible, offers benefits like native tissue preservation and
may reduce the risk of recurrent infections [1].

Prevention and Prophylactic Strategies

Antibiotic Prophylaxis: Current Guidelines and Contro-
versies

According to current American Heart Association guidelines,
antibiotic prophylaxis before dental procedures is only advised
for the highest-risk patients, such as those with prosthetic valves,
prior IE, certain congenital heart diseases, and cardiac transplant
recipients who develop valvulopathy. This recommendation is
based on concerns about antimicrobial resistance, a very low ab-
solute risk of IE after dental procedures (less than 1 in 10,000),
and a higher cumulative risk of bacteremia from routine activi-
ties [54]. However, there is still debate about whether immuno-
suppressed patients can benefit from broader prophylaxis due to
their three to five times higher incidence of IE. When appropriate,
recommended regimens include amoxicillin 2 grams orally 30 to
60 minutes before the procedure, or ampicillin 2 grams intrave-
nously/intramuscularly for those unable to take oral medications.
Patients who are allergic to penicillin are given clindamycin 600
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mg, azithromycin 500 mg, or cephalexin 2 grams [45].
Catheter and Device Management

With central venous catheter-related bloodstream infection
rates of 2-5 per 1,000 catheter-days in transplant recipients, in-
travascular catheters and cardiac devices are significant IE risk
factors. Preventive measures include strict insertion bundle ad-
herence with maximal barrier precautions, chlorhexidine antisep-
sis, optimal site selection, and prompt removal when unnecessary.
For long-term access, tunnelled catheters or implantable ports
are preferred over non-tunneled CVCs [17]. Cardiac implantable
electronic devices, which are becoming more common in immu-
nocompromised patients, have a 1-4% infection rate that could
result in device-related endocarditis. This calls for careful sterile
technique, perioperative prophylaxis with cefazolin or vancomy-
cin, and consideration of antibacterial envelopes in high-risk pa-
tients. When infection occurs, complete system removal is typical-
ly required for cure, and reimplantation is postponed until blood
culture clearance and appropriate antibiotics are finished [45].

Infection Surveillance in High-Risk Populations

Early IE detection is made possible by systematic infection
surveillance through structured protocols such as routine clinical
evaluations, monitoring for unexplained fever or bacteremia, and
pathogen screening based on epidemiological risk. Patient educa-
tion regarding warning signs, such as persistent fever, chills, new
murmur, unexplained fatigue, or embolic phenomena, is essential
for timely medical evaluation [50]. Echocardiography strategies
use liberal transthoracic echocardiography for unexplained fe-
ver or positive cultures, with transesophageal echocardiography
when initial studies are non-diagnostic and clinical suspicion re-
mains moderate to high. Blood culture protocols should adhere to
standard IE diagnostic criteria, obtaining at least three sets from
separate sites before antibiotics, when possible, with extended in-
cubation beyond standard 5 days warranted for fastidious organ-
isms and molecular diagnostics, such as PCR and next-generation
sequencing [45].

Vaccination and Preventive Care

Transplant candidates should ideally receive all recommend-
ed vaccinations before transplantation for stronger immune re-
sponses. Post-transplant vaccination should avoid live-attenuated
vaccines, with special attention paid to pneumococcal vaccination
(PCV13 followed by PPSV23), annual influenza vaccination (pos-
sibly with high-dose or adjuvanted formulations), and COVID-19
mRNA vaccines with additional doses to enhance responses given
significantly elevated severe disease risks [53]. While antimicro-
bial stewardship programs optimize antibiotic use to prevent re-
sistance development and preserve the microbiome by avoiding
unnecessary or prolonged courses, choosing narrow-spectrum
agents based on culture data, and switching from intravenous to
oral therapy when feasible, complementary preventive strategies
include careful dental hygiene and routine dental care. Poor oral
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health increases bacteremia frequency from oral flora, elevating
IE risk. Some experts recommend more frequent professional
cleaning every three to four months in high-risk immunosup-
pressed patients [54].

Future Directions and Research Gaps

To address the existing knowledge gaps, future research must
prioritize methodologically rigorous, multicenter prospective
studies and randomized clinical trials specifically designed for
the immunocompromised population. Key efforts should focus
on defining distinct clinical phenotypes and long-term progno-
ses across various immunosuppressive states, such as solid organ
transplantation, hematologic malignancies, and the use of target-
ed immunomodulatory therapies. Furthermore, there is a critical
need to validate advanced diagnostic technologies, including FDG
PET-CT and next-generation metagenomic sequencing, to estab-
lish their sensitivity and predictive value in detecting early-stage
or culture-negative endocarditis in these high-risk individuals
[1,3,5,10,45].

Additionally, the research schedule must optimize personal-
ized antimicrobial management through therapeutic drug mon-
itoring and the integration of artificial intelligence to combat
increasing rates of multidrug resistance. Investigation into inno-
vative prevention strategies, such as adjusted vaccination pro-
tocols and monoclonal antibody prophylaxis, remains essential
given the limited evidence for immunoprophylaxis in this cohort
[2,4]. Finally, establishing international collaborative registries
that incorporate patient-centered outcomes, including health-re-
lated quality of life and long-term functional recovery-will be vital
for evolving current guidelines into more comprehensive, evi-
dence-based standards of care [1,45].

Conclusion

Infective endocarditis in the immunosuppressed patient rep-
resents one of the most complex intersections in modern med-
icine. The traditional “classic” signs of IE are frequently absent,
replaced by an indolent clinical course that demands a proactive
diagnostic strategy. As the population of patients living with al-
tered immunity grows, clinicians must move beyond standard
protocols and adopt individualized models of care. Success in
these cases relies on the cardiology team’s approach synergy be-
tween infectious disease specialists, surgeons, and transplant or
oncology teams. By integrating advanced metabolic imaging with
precision antimicrobial therapy and timely surgical intervention,
we can mitigate the historically high mortality rates seen in this

vulnerable population.

References

1. Gilbert Habib, Paola Anna Erba, Bernard Iung, Erwan Donal, Bernard
Cosyns, et al. (2019) Clinical presentation, aetiology and outcome of
infective endocarditis. Results of the ESC-EORP EURO-ENDO (Euro-
pean infective endocarditis) registry: a prospective cohort study. Eur

Heart ] 40(39): 3222-3232.

2. Williams ML, Doyle MP, McNamara N, Tardo D, Mathew M, et al. (2021)
Epidemiology of infective endocarditis before versus after change of
international guidelines: a systematic review. Ther Adv Cardiovasc Dis.
15:17539447211002687.

3. Thornhill MH, Dayer M], Nicholl ], Prendergast BD, Lockhart PB, et al.
(2020) An alarming rise in incidence of infective endocarditis in En-
gland since 2009: why? Lancet 395(10233): 1325-1327.

4. Ambrosioni ], Herndndez-Meneses M, Durante-Mangoni E, et al. (2023)
Epidemiological changes and improvement in outcomes of infective
endocarditis in Europe in the twenty-first century: an International
Collaboration on Endocarditis (ICE) prospective cohort study (2000-
2012). Infect Dis Ther 12(4): 1083-1101.

5. Sidik Al, Chinikov MA, Korjueva LS, et al. (2025) Infective endocarditis
in special populations: epidemiology, diagnostic challenges, and mana-
gement strategies. Cureus 17(9): €93293.

6. Vincent LL, Otto CM (2018) Infective endocarditis: update on epide-
miology, outcomes, and management. Curr Cardiol Rep 20(10): 86.

7. Talha KM, Dayer M]J, Thornhill MH, et al. (2021) Temporal trends of
infective endocarditis in North America from 2000 to 2017—a syste-
matic review. Open Forum Infect Dis 8(11): ofab479.

8. Fishman JA (2007) Infection in solid-organ transplant recipients. N
Engl ] Med 357(25): 2601-2614.

9. Halloran PF (2004) Immunosuppressive drugs for kidney transplanta-
tion. N Engl ] Med 351(26): 2715-2729.

10. Allison AC (2005) Mechanisms of action of mycophenolate mofetil. Clin
Transplant 14(Suppl 1): s2-8.

11. Rubin RH (1993) Infectious disease complications of transplantation.
Clin Infect Dis 17(suppl 4): S243-S258.

12. Fernandez Guerrero ML, Ramos JM, Goyenechea A, Rivas P, de Gérgolas
M (2012) Infective endocarditis in solid organ transplant recipients.
Clin Microbiol Infect 18(12): 1213-1221.

13. Gudiol C, Aguado JM, Carratala ] (2016) Bloodstream infections in pa-
tients with solid tumors and hematologic malignancies. Clin Microbiol
Infect 22(6): 486-494.

14.] Klastersky, ] de Naurois, K Rolston, B Rapoport, G Maschmeyer, et al.
(2016) Management of febrile neutropenia: ESMO Clinical Practice
Guidelines. Ann Oncol 27 (suppl 5): v111-v118.

15. Sonis ST (2004) The pathobiology of mucositis. Nat Rev Cancer 4(4):
277-284.

16.Raad I, Hanna H, Maki D (2007) Intravascular catheter-related infec-
tions. Lancet 370(9584): 341-352.

17.Leonard A Mermel, Michael Allon, Emilio Bouza, Donald E Craven, Pa-
tricia Flynnet al. (2009) Clinical practice guidelines for the diagnosis
and management of intravascular catheter-related infection: 2009
update by the Infectious Diseases Society of America. Clin Infect Dis
49(1): 1-45.

18. Winthrop KL (2017) The emerging safety profile of biologic therapies.
Nat Rev Rheumatol 13(4): 234-243.

19.Smolen JS, Aletaha D, Koeller M, Weisman MH, Emery P (2007) New
therapies for treatment of rheumatoid arthritis. Lancet 370(9602):
1861-1874.

20.Dixon WG, Watson K, Lunt M, Hyrich KL, Silman A], Symmons DP
(2006) Rates of serious infection, including site-specific signals, in
patients receiving anti-tumor necrosis factor therapy compared with
those receiving conventional disease-modifying.

m How to cite this article: Rishita D, Katherine Sthefania Trejos G, Yalemwork G, Elizabeth | G, Joanna P, et al. Infective Endocarditis in Patients Receiving
Immunosuppressive Therapy: A Guide to Diagnosis and Care. J Cardiol & Cardiovasc Ther 2026; 20(2): 556035 DOI: 10.19080/J0CCT.2026.20.556035


http://dx.doi.org/10.19080/JOCCT.2026.20.556035
https://pubmed.ncbi.nlm.nih.gov/31504413/
https://pubmed.ncbi.nlm.nih.gov/31504413/
https://pubmed.ncbi.nlm.nih.gov/31504413/
https://pubmed.ncbi.nlm.nih.gov/31504413/
https://pubmed.ncbi.nlm.nih.gov/31504413/
https://pubmed.ncbi.nlm.nih.gov/33784909/
https://pubmed.ncbi.nlm.nih.gov/33784909/
https://pubmed.ncbi.nlm.nih.gov/33784909/
https://pubmed.ncbi.nlm.nih.gov/33784909/
https://pubmed.ncbi.nlm.nih.gov/32334690/
https://pubmed.ncbi.nlm.nih.gov/32334690/
https://pubmed.ncbi.nlm.nih.gov/32334690/
https://pubmed.ncbi.nlm.nih.gov/36922460/
https://pubmed.ncbi.nlm.nih.gov/36922460/
https://pubmed.ncbi.nlm.nih.gov/36922460/
https://pubmed.ncbi.nlm.nih.gov/36922460/
https://pubmed.ncbi.nlm.nih.gov/36922460/
https://pubmed.ncbi.nlm.nih.gov/41146769/
https://pubmed.ncbi.nlm.nih.gov/41146769/
https://pubmed.ncbi.nlm.nih.gov/41146769/
https://pubmed.ncbi.nlm.nih.gov/30117004/
https://pubmed.ncbi.nlm.nih.gov/30117004/
https://pubmed.ncbi.nlm.nih.gov/35224128/
https://pubmed.ncbi.nlm.nih.gov/35224128/
https://pubmed.ncbi.nlm.nih.gov/35224128/
https://pubmed.ncbi.nlm.nih.gov/18094380/
https://pubmed.ncbi.nlm.nih.gov/18094380/
https://pubmed.ncbi.nlm.nih.gov/15616206/
https://pubmed.ncbi.nlm.nih.gov/15616206/
https://pubmed.ncbi.nlm.nih.gov/8394951/
https://pubmed.ncbi.nlm.nih.gov/8394951/
https://pubmed.ncbi.nlm.nih.gov/26787095/
https://pubmed.ncbi.nlm.nih.gov/26787095/
https://pubmed.ncbi.nlm.nih.gov/26787095/
https://pubmed.ncbi.nlm.nih.gov/27664247/
https://pubmed.ncbi.nlm.nih.gov/27664247/
https://pubmed.ncbi.nlm.nih.gov/27664247/
https://pubmed.ncbi.nlm.nih.gov/15057287/
https://pubmed.ncbi.nlm.nih.gov/15057287/
https://pubmed.ncbi.nlm.nih.gov/17897607/
https://pubmed.ncbi.nlm.nih.gov/17897607/
https://pubmed.ncbi.nlm.nih.gov/19489710/
https://pubmed.ncbi.nlm.nih.gov/19489710/
https://pubmed.ncbi.nlm.nih.gov/19489710/
https://pubmed.ncbi.nlm.nih.gov/19489710/
https://pubmed.ncbi.nlm.nih.gov/19489710/
https://pubmed.ncbi.nlm.nih.gov/28250461/
https://pubmed.ncbi.nlm.nih.gov/28250461/
https://pubmed.ncbi.nlm.nih.gov/17570481/
https://pubmed.ncbi.nlm.nih.gov/17570481/
https://pubmed.ncbi.nlm.nih.gov/17570481/
https://pubmed.ncbi.nlm.nih.gov/16868999/
https://pubmed.ncbi.nlm.nih.gov/16868999/
https://pubmed.ncbi.nlm.nih.gov/16868999/
https://pubmed.ncbi.nlm.nih.gov/16868999/

Journal of Cardiology & Cardiovascular Therapy

21. Winthrop KL, Cohen SB (2020) JAK inhibitors: an emerging strategy
for rheumatoid arthritis. Nat Rev Rheumatol 16(4): 234-246.

22.Fardet L, Petersen |, Nazareth I (2015) Monitoring of patients on long-
term glucocorticoid therapy: a survey of UK general practitioners. Br ]
Gen Pract 65(635): e414-e421.

23.]Jeffrey R Curtis, Andrew O Westfall, Jeroan Allison, Johannes W Bijls-
ma, Allison Freeman, et al. (2006) Population-based assessment of
adverse events associated with long-term glucocorticoid use. Arthritis
Rheum 55(3): 420-426.

24.] Crawford, C Caserta, F Roila, ESMO Guidelines Working Group (2010)
Management of cancer chemotherapy-induced neutropenia and febrile
neutropenia: ESMO Clinical Practice Guidelines. Ann Oncol 21(suppl
5): v252-v256.

25. Gudiol C, Carratala J (2014) Antibiotic resistance in cancer patients:
lessons learned and future directions. Expert Rev Anti Infect Ther
12(11): 1313-1315.

26. Del Castillo M, Romero FA, Argiiello E, Maillard C, Papaioannou T, Sep-
kowitz KA (2016) The spectrum of serious infections among patients
receiving immune checkpoint blockade for the treatment of melano-
ma. Clin Infect Dis 63(11): 1490-1493.

27.Wang DY, Salem JE, Akroush R, et al. (2018) Fatal toxic effects associ-
ated with immune checkpoint inhibitors: a systematic review and me-
ta-analysis. JAMA Oncol 4(12): 1721-1728.

28. Alexander R Lyon, Nadia Yousaf, Nicolo ML Battisti, Javid Moslehi,
James Larkin, et al. (2018) Immune checkpoint inhibitors and cardio-
vascular toxicity. Lancet Oncol 19(9): e447-e458.

29. Challenges in Infective Endocarditis. ] Am Coll Cardiol 2017 69(3):
325-344.

30. Mylonakis E, Calderwood SB (2001) Infective endocarditis in adults. N
Engl ] Med 345(18): 1318-1330.

. Martinez-Sellés M, Valerio-Minero M, Farifias MC, et al. (2021) Infec-
tive endocarditis in patients with solid organ transplantation: a nation-
wide descriptive study. Eur ] Intern Med 91: 50-57.

3

—_

32. Chuang S, Shrestha NK, Brizendine KD (2020) Matched retrospective
study of infective endocarditis among solid organ transplant recipients
compared to non-transplant: seven-year experience in a US referral
center. Transpl Infect Dis 22(5): e13331.

33. Anders Dahl, Kasper Iversen, Niels Tonder, Nis Hoest, Magnus Arpi, et
al. (2019) Prevalence of infective endocarditis in Enterococcus faecalis
bacteremia. ] Am Coll Cardiol 74(2): 193-201.

34. Robert S Baltimore, Michael Gewitz, Larry M Baddour, Lee B Beerman,
Mary Anne Jackson, et al. (2015) Infective endocarditis in childhood:
2015 update: a scientific statement from the American Heart Associa-
tion. Circulation 132(15): 1487-1515.

35.Li M, Kim ]B, Sastry BKS, Chen M (2024) Infective endocarditis. Lancet
403(10438): 1793-1808.

36. Lauge @stergaard, Nana Valeur, Nikolaj Ihlemann, Henning Bundgaard,
Gunnar Gislason, et al. (2018) Incidence of infective endocarditis
among patients considered at high risk. Eur Heart ] 39(12):993-1002.

37.Eugene Athan, Vivian H Chu, Pierre Tattevin, Christine Selton-Suty,
Phillip Jones, et al. (2012) Clinical characteristics and outcome of
infective endocarditis involving implantable cardiac devices. JAMA
307(15): 1627-1634.

38. Chambers HF, Bayer AS (2020) Native-valve infective endocarditis. N
Engl ] Med 383(6): 567-576.

39. Paterson DL, Dominguez EA, Chang FY, Snydman DR, Singh N (1998)
Infective endocarditis in solid organ transplant recipients. Clin Infect

Dis 26(3): 689-694.

40. Charlesworth M, Williams BG, Ray S (2023) Infective endocarditis. BJA
Educ 23(4): 144-152.

41. George R Thompson, Jeffrey D Jenks, John W Baddley, James S Lewis,
Matthias Egger, et al. (2022) Infective endocarditis by HACEK: a review.
] Cardiothorac Surg 17(1): 185.

42. George R Thompson 3rd, Jeffrey D Jenks, John W Baddley, James S Lew-
is 2nd, Matthias Egger, et al. (2023) Fungal endocarditis: pathophysiol-
ogy, epidemiology, clinical presentation, diagnosis, and management.
Clin Microbiol Rev 36(3): €0001923.

43.Yuan SM (2015) Mycobacterial endocarditis: a comprehensive review.
Rev Bras Cir Cardiovasc 30(1): 93-103.

44. Gilbert Habib, Patrizio Lancellotti, Manuel ] Antunes, Maria Grazia
Bongiorni, Jean-Paul Casalta, et al. (2015) 2015 ESC Guidelines for the
management of infective endocarditis: the Task Force for the Manage-
ment of Infective Endocarditis of the European Society of Cardiology
(ESC). Eur Heart ] 36(44): 3075-3128.

45. Larry M Baddour, Walter R Wilson, Arnold S Bayer, Vance G Fowler,
Imad M Tleyjeh, et al. (2015) Infective endocarditis in adults: diagno-
sis, antimicrobial therapy, and management of complications: a scien-
tific statement for healthcare professionals from the American Heart
Association. Circulation 132(15): 1435-1486.

46.Pizzi MN, Roque A, Fernandez-Hidalgo N, et al. (2016) The role of
18F-FDG PET/CT in infective endocarditis: state of the art. ] Nucl Car-
diol 23(4): 817-827.

47. Liesenborghs L, Meyers S, Lox M, et al. (2020) White blood cell differ-
ential count and infective endocarditis: a systematic review and me-
ta-analysis. Clin Microbiol Rev 33(3): e00010-20.

48. Sousa C, Botelho C, Arante D, et al. (2012) Limitations of the Modified
Duke Criteria in special populations: how to improve the diagnosis of
infective endocarditis? Clin Infect Dis 54(12): 1800-1801.

49. Fishman JA (2017) Infection in organ transplantation. Am | Transplant
17(4): 856-879.

50. Camille N Kotton, Deepali Kumar, Angela M Caliendo, Shirish Huprikar,
Sunwen Chou, et al. (2018) The third international consensus guide-
lines on the management of cytomegalovirus in solid-organ transplan-
tation. Transplantation 102(6): 900-931.

5

_

. Catherine M Otto, Rick A Nishimura, Robert O Bonow, Blase A Cara-
bello, John P Erwin 3rd, et al. (2021) 2020 ACC/AHA guideline for the
management of patients with valvular heart disease: executive sum-
mary: a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines. ] Am Coll
Cardiol 77(4): 450-500.

52. Peter G Pappas, Carol A Kauffman, David R Andes, Cornelius ] Clancy,
Kieren A Marr, et al. (2016) Clinical practice guideline for the manage-
ment of candidiasis: 2016 update by the Infectious Diseases Society of
America. Clin Infect Dis 62(4): e1-e50.

53. Lorry G Rubin, Myron ] Levin, Per Ljungman, E Graham Davies, Robin
Avery, et al. (2014) 2013 IDSA clinical practice guideline for vaccina-
tion of the immunocompromised host. Clin Infect Dis 58(3): 309-318.

54. Walter Wilson, Kathryn A Taubert, Michael Gewitz, Peter B Lockhart,
Larry M Baddour, et al. (2007) Prevention of infective endocarditis:
guidelines from the American Heart Association: a guideline from the
American Heart Association Rheumatic Fever, Endocarditis, and Ka-
wasaki Disease Committee, Council on Cardiovascular Disease in the
Young, and the Council on Clinical Cardiology, Council on Cardiovas-
cular Surgery and Anesthesia, and the Quality of Care and Outcomes
Research Interdisciplinary Working Group. Circulation 116(15): 1736-
1754.

m How to cite this article: Rishita D, Katherine Sthefania Trejos G, Yalemwork G, Elizabeth | G, Joanna P, et al. Infective Endocarditis in Patients Receiving
Immunosuppressive Therapy: A Guide to Diagnosis and Care. J Cardiol & Cardiovasc Ther 2026; 20(2): 556035 DOI: 10.19080/J0CCT.2026.20.556035


http://dx.doi.org/10.19080/JOCCT.2026.20.556035
https://pubmed.ncbi.nlm.nih.gov/28250461/
https://pubmed.ncbi.nlm.nih.gov/28250461/
https://pubmed.ncbi.nlm.nih.gov/25881838/
https://pubmed.ncbi.nlm.nih.gov/25881838/
https://pubmed.ncbi.nlm.nih.gov/25881838/
https://pubmed.ncbi.nlm.nih.gov/16739208/
https://pubmed.ncbi.nlm.nih.gov/16739208/
https://pubmed.ncbi.nlm.nih.gov/16739208/
https://pubmed.ncbi.nlm.nih.gov/16739208/
https://pubmed.ncbi.nlm.nih.gov/20555091/
https://pubmed.ncbi.nlm.nih.gov/20555091/
https://pubmed.ncbi.nlm.nih.gov/20555091/
https://pubmed.ncbi.nlm.nih.gov/20555091/
https://pubmed.ncbi.nlm.nih.gov/24834465/
https://pubmed.ncbi.nlm.nih.gov/24834465/
https://pubmed.ncbi.nlm.nih.gov/24834465/
https://pubmed.ncbi.nlm.nih.gov/27501841/
https://pubmed.ncbi.nlm.nih.gov/27501841/
https://pubmed.ncbi.nlm.nih.gov/27501841/
https://pubmed.ncbi.nlm.nih.gov/27501841/
https://pubmed.ncbi.nlm.nih.gov/30191849/
https://pubmed.ncbi.nlm.nih.gov/30191849/
https://pubmed.ncbi.nlm.nih.gov/30191849/
https://pubmed.ncbi.nlm.nih.gov/28104075/
https://pubmed.ncbi.nlm.nih.gov/28104075/
https://pubmed.ncbi.nlm.nih.gov/11794152/
https://pubmed.ncbi.nlm.nih.gov/11794152/
https://pubmed.ncbi.nlm.nih.gov/33685806/
https://pubmed.ncbi.nlm.nih.gov/33685806/
https://pubmed.ncbi.nlm.nih.gov/33685806/
https://pubmed.ncbi.nlm.nih.gov/32543012/
https://pubmed.ncbi.nlm.nih.gov/32543012/
https://pubmed.ncbi.nlm.nih.gov/32543012/
https://pubmed.ncbi.nlm.nih.gov/32543012/
https://pubmed.ncbi.nlm.nih.gov/31296291/
https://pubmed.ncbi.nlm.nih.gov/31296291/
https://pubmed.ncbi.nlm.nih.gov/31296291/
https://pubmed.ncbi.nlm.nih.gov/26373317/
https://pubmed.ncbi.nlm.nih.gov/26373317/
https://pubmed.ncbi.nlm.nih.gov/26373317/
https://pubmed.ncbi.nlm.nih.gov/26373317/
https://pubmed.ncbi.nlm.nih.gov/39067905/
https://pubmed.ncbi.nlm.nih.gov/39067905/
https://pubmed.ncbi.nlm.nih.gov/29244073/
https://pubmed.ncbi.nlm.nih.gov/29244073/
https://pubmed.ncbi.nlm.nih.gov/29244073/
https://pubmed.ncbi.nlm.nih.gov/22535857/
https://pubmed.ncbi.nlm.nih.gov/22535857/
https://pubmed.ncbi.nlm.nih.gov/22535857/
https://pubmed.ncbi.nlm.nih.gov/22535857/
https://pubmed.ncbi.nlm.nih.gov/32757525/
https://pubmed.ncbi.nlm.nih.gov/32757525/
https://pubmed.ncbi.nlm.nih.gov/9524846/
https://pubmed.ncbi.nlm.nih.gov/9524846/
https://pubmed.ncbi.nlm.nih.gov/9524846/
https://pubmed.ncbi.nlm.nih.gov/36960439/
https://pubmed.ncbi.nlm.nih.gov/36960439/
https://pubmed.ncbi.nlm.nih.gov/37439685/
https://pubmed.ncbi.nlm.nih.gov/37439685/
https://pubmed.ncbi.nlm.nih.gov/37439685/
https://pubmed.ncbi.nlm.nih.gov/37439685/
https://pubmed.ncbi.nlm.nih.gov/25859873/
https://pubmed.ncbi.nlm.nih.gov/25859873/
https://pubmed.ncbi.nlm.nih.gov/26320109/
https://pubmed.ncbi.nlm.nih.gov/26320109/
https://pubmed.ncbi.nlm.nih.gov/26320109/
https://pubmed.ncbi.nlm.nih.gov/26320109/
https://pubmed.ncbi.nlm.nih.gov/26320109/
https://pubmed.ncbi.nlm.nih.gov/26373316/
https://pubmed.ncbi.nlm.nih.gov/26373316/
https://pubmed.ncbi.nlm.nih.gov/26373316/
https://pubmed.ncbi.nlm.nih.gov/26373316/
https://pubmed.ncbi.nlm.nih.gov/26373316/
https://pubmed.ncbi.nlm.nih.gov/28117944/
https://pubmed.ncbi.nlm.nih.gov/28117944/
https://pubmed.ncbi.nlm.nih.gov/29596116/
https://pubmed.ncbi.nlm.nih.gov/29596116/
https://pubmed.ncbi.nlm.nih.gov/29596116/
https://pubmed.ncbi.nlm.nih.gov/29596116/
https://pubmed.ncbi.nlm.nih.gov/33332149/
https://pubmed.ncbi.nlm.nih.gov/33332149/
https://pubmed.ncbi.nlm.nih.gov/33332149/
https://pubmed.ncbi.nlm.nih.gov/33332149/
https://pubmed.ncbi.nlm.nih.gov/33332149/
https://pubmed.ncbi.nlm.nih.gov/33332149/
https://pubmed.ncbi.nlm.nih.gov/26679628/
https://pubmed.ncbi.nlm.nih.gov/26679628/
https://pubmed.ncbi.nlm.nih.gov/26679628/
https://pubmed.ncbi.nlm.nih.gov/26679628/
https://pubmed.ncbi.nlm.nih.gov/24421306/
https://pubmed.ncbi.nlm.nih.gov/24421306/
https://pubmed.ncbi.nlm.nih.gov/24421306/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/
https://pubmed.ncbi.nlm.nih.gov/17446442/

Journal of Cardiology & Cardiovascular Therapy

@ @ This work is licensed under Creative Your next submission with Juniper Publishers
Commons Attribution 4.0 License .
L__ DOI: 10.19080/J0CCT.2026.20.556035 will reach you the below assets
¢ Quality Editorial service
¢ Swift Peer Review
¢ Reprints availability
¢ E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

e Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

m How to cite this article: Rishita D, Katherine Sthefania Trejos G, Yalemwork G, Elizabeth | G, Joanna P, et al. Infective Endocarditis in Patients Receiving
Immunosuppressive Therapy: A Guide to Diagnosis and Care. J Cardiol & Cardiovasc Ther 2026; 20(2): 556035 DOI: 10.19080/J0CCT.2026.20.556035


http://dx.doi.org/10.19080/JOCCT.2026.20.556035
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/JOCCT.2026.20.556035

