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Abstract
Introduction: Cardiovascular diseases (CVD) rank first among the mortality causes at a global scale.
According to the World Health Organization (WHO), 24.2 million people are likely to die from this disease by
2030, representing 32.5% of all causes of death. Although in recent years new methods of treating and diagnosing
CVD have been discovered, the main treatments still involve surgery and the use of cardiac devices, maneuvers
associated with a high risk of infection.
Objectives: The purpose of this paper was to review the main etiological agents of heart infections, as well
as their incidence and contribution to the morbidity and mortality rate in CVD patients.
Methods: Data was searched and extracted from published literature using PubMed, ScienceDirect and
Elsevier databases.
Results: Different viral, bacterial, fungal and protozoa pathogens can specifically infect the endocardium,
pericardium and myocardium, respectively, the etiology depending on the geographical area, the immune status
of the patient and comorbidities.
Conclusion: With the increasing prevalence of CVD, the risk of infection is also on the rise, due to the aging
of the population, associated with a growing rate of cardiac surgery and use of cardiac devices, the presence
of various pathologies such as HIV infection, diabetes, renal failure, autoimmune disease, and coronary heart
disease (CHD). For an efficient management of patients with heart infectious diseases, more epidemiological
studies should be done in different geographical areas to determine the incidence of the etiological agents of
infectious pericarditis, endocarditis and myocarditis, respectively.
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REZUMAT
Introducere: Bolile cardiovasculare reprezintă principala cauză de mortalitate la nivel global. Conform
Organizației Mondiale a Sănătății (OMS), sunt estimate 24.2 milioane de decese datorate acestei patologii până
în anul 2030, reprezentând un procent de 32.5% din totalul cauzelor de mortalitate. Deși în prezent s-au înregistrat
progrese importante în diagnosticarea și tratarea bolilor cardiovasculare, intervențiile chirurgicale și utilizarea
dispozitivelor cardiace reprezintă unele dintre cele mai utilizate proceduri pentru tratarea acestei patologii,
ambele asociate cu un risc ridicat de infecție.
Obiective: Obiectivele acestui articol sunt stabilirea principalilor agenți etiologici implicați în infecțiile
cardiovasculare, precum și a incidenței și contribuției acestora la rata de mortalitate și morbiditate a pacienților
cu patologie cardiovasculară.
Metode: Datele utilizate au fost obținute prin studiul literaturii medicale publicate în PubMed, ScienceDirect
și Elsevier.
Rezultate: Diverși patogeni, precum bacterii, virusuri, fungi și protozoare pot infecta endocardul, pericardul
sau miocardul, etiologia infecțiilor depinzând în principal de aria geografică, de statusul imun al pacientului și
de prezența altor comorbidități.
Concluzii: Odată cu creșterea incidenței bolilor cardiovasculare, crește și riscul infecțiilor asociate, factorii
favorizanți fiind îmbătrânirea populației, asociată cu un număr ridicat de intervenții chirurgicale și utilizări
ale dispozitivelor cardiace, prezența diverselor patologii, precum infecțiile HIV, diabetul, bolile autoimune,
insuficiența renală și malformațiile congenitale cardiace. Pentru managementul eficient al pacienților cu infecții
cardiace, sunt necesare studii epidemiologice realizate în diferite zone geografice, pentru a stabili incidența
agenților patogeni implicați în pericardita, endocardita și miocardita infecțioasă.
Cuvinte-cheie: boala cardiovasculară, endocardită, miocardită, pericardită, infecție cardiovasculară
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INTRODUCTION
From the uncovering of atherosclerosis in
Egyptian mummies, dated 3.500 years ago, cardiovascular diseases (CVDs) still remain one of
the greatest challenges for clinical medicine,
concerning both diagnosis and treatment [1, 2].
The discovery of antibodies, antigens, blood
typing and immunosuppressant treatment,
made heart transplant a viable solution. Nowadays, we can use CRISPR-Cas9 for genome
editing, while nanotechnology provides novel
biomarkers for CVDs patients diagnosis and
treatment. Also, 3D printing and computational fluid dynamics (CFD) can facilitate high precision surgery techniques [3-7].
But, despite the tremendous progress that
has been made, CVDs are still posing a great
threat to human health, with an estimated
number of 17.6 million deaths in 2016 (Fig. 1)
and of 24.2 million by 2030.
Simultaneously with the extending
number of CVDs, the risk of infections rises
proportionally. Each layer of the heart could
represent an entry gate for microorganisms that
can cause specific infections, known as infective
endocarditis (IE), myocarditis and pericarditis,
respectively. The incidence of these infections
is increasing due to different factors. The aging
population requires more surgical procedures
for valve replacement (almost 30% of patients
that suffer from endocarditis have prosthetic
valves) and the use of ventricular assist devices

(a growing rate of 23% per year). In 2010, 5% of
the CVDs patients required heart transplants, a
percentage that is growing year by year. Other
illnesses such as HIV infection, diabetes, renal
failure, co-occurring with invasive procedures
such as tooth extraction, piercing, and
catheterization, can represent means of entry
for pathogens that can end up in the systemic
circulation [9 - 11].
According to the World Health Organization (WHO), in 2015 there were 413,332 deaths
reported due to endocarditis, myocarditis and
cardiomyopathy, representing 2.34 % of the total number of deaths due to CVDs (Fig. 2), with
a slight increase in 2016, i.e. 435,500 deaths
(2.47%).
INFECTIVE ENDOCARDITIS
Infective endocarditis (IE) is defined
as an inflammation of the endocardium,
being characterized by the development of
a vegetation composed of microorganisms,
fibrin, inflammatory cells and platelets. IE is
a potentially fatal disease, with an estimated
mortality rate of 20% in the case of nosocomial
IE, with the first year after hospital discharge
having the highest mortality, reaching 40%.
Its incidence is estimated at 6-7 cases per
100,000 in developed countries and up to 6-10
cases per 100,000 in developing countries.
At first, infective endocarditis was classified
as subacute, acute and chronic. Currently,

Fig. 1. Estimation of deaths due to CVDs in 2016 (Deaths and Disease Burden by Cause:
Global Burden of Disease Estimates for 2016) [8]
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Fig. 2. Percentage distribution of mortality rate by endocarditis, myocarditis and cardiomyopathy of
the total number of deaths due to cardiovascular infections in each of the seven world regions, in 2015,
calculated by the analysis of the data reported by WHO

this classification is no longer valid because
describing the source of infection is more
helpful in clinical setting [12-16].
Patients who went through surgical
procedures are more prone to infections. They
should follow certain guidelines regarding
diet, teeth hygiene and tooth extraction, in
order to prevent an infectious episode. High or
low concentrations of Fe, Mn and Zn, can be
linked to infections [13, 17]. Likewise, a higher
risk is seen in patients who suffer from illnesses
such as HIV infection, diabetes, Whipple
disease (17-55% have cardiac implication, that
may involve the myocardium/endocardium/
pericardium) or hypereosinophilic syndrome
(known as Loeffler’s endocarditis, 60% of the
cases with cardiac involvement) [18, 19].
IE can have bacterial, viral or fungal
etiology. Viral endocarditis is considered to be
more of a dissemination of the virus originating
from another site. Older studies suggest that
viral endocarditis can be caused by Coxsackie
virus in monkeys, encephalomyocarditis virus
in mongooses and Virus III in rabbits. Whilst
their action results in inflammatory reactions,
there is a substantial uncertainty regarding
their presence in the human endocardium. For
example, IE attributable to Cytomegalovirus
(CMV) is more secondary to viremia, the

primary CMV infection being probably due
to other different pathologies seen in the
respective patients, such as HIV, hepatitis B,
and drug use [20 - 22].
Fungal endocarditis is a rare disease, with
a low incidence in comparison to bacterial
endocarditis (between 1 to 10%). From a clinical
point of view, it is the most life-threatening
form of endocarditis, with a mortality of 50%,
diagnosis being made in most cases postmortem. Fungal endocarditis damages native
and prosthetic valves (2-10% incidence), other
cardiac devices (35-39%) and the surface of the
endocardium. As a result of the increased use
of cardiac devices, a growth in the occurrence
of fungal pathogens is expected [23-26].
The most widely spread pathogens are
Candida sp. (50-60%) and Aspergillus sp. (2025%) (Table 1). The prevalence of fungal etiological agents is influenced by the state of the
patients (immunocompromised, HIV positive,
undergoing surgery, with parenteral nutrition,
drug abuse, prolonged use of antibiotics, congenital heart defects, long term use of cardiac
devices), environmental factors being equally important (hospital, hygiene, atmosphere).
Thereby, endocardial infections with Candida
sp. are connected to hospital environment,
while Aspergillus sp. can accompany cardiac
47
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Table 1. Etiological agents of fungal endocarditis [23-27]
Etiological agents

Fungal Endocarditis

Candida sp.

Candida albicans
Candida glabrata
Candida tropicalis
Candida parapsilosis

Aspergillus sp.

Aspergillus fumigatus
Aspergillus flavus
Aspergillus niger
Aspergillus terreus

Other

Mucor sp.
Histoplasma sp.
Blastomyces sp.
Cryptococcus sp.
Trichosporon sp.
Pseudallesheria boydii
Scopulariopsis sp.

surgery [27, 28]. Identification of Candida sp.
occurs in approximately 45-50% of cases [29,
30].
Bacterial endocarditis is the most common
form of IE, staphylococci and streptococci being
the most frequent etiological agents isolated
in clinic [31]. Table 2 presents both etiological
agents of IE and their incidence.
In the past, streptococci represented the
main agents involved in bacterial endocarditis,
due to the high incidence of rheumatic heart
disease. Currently, Staphylococcus sp. is the
main cause of this type of endocarditis. This
changing epidemiology comes as a result of
population aging (the elderly are more prone
to infections by 4.6 times as compared to the
rest of the population), the presence of HIV
infection, diabetes, cancer, medical devices

frequently colonized by coagulase-negative
staphylococci (CoNS), but also because of the
high occurrence of congenital heart defects
(CHD) [42 - 44]. Those who suffer from CHD,
especially men that have injuries on the left
side of the heart, are more predisposed to endocarditis (1.61 cases per 1,000 people). Thus,
those who suffer from lesions on the right side
of the heart, atrial septal defect (ASD) and persistent arterial duct (PDA) are less susceptible
to infections. Adults who have bacterial endocarditis related to their CHD have a 4% rate of
mortality [45, 46].
Staphylococcus aureus is the most dominant
pathogen of bacterial endocarditis around the
globe. Other etiological agents identified on
all continents are viridans group streptococci
(VGS), CoNS, Enterococcus sp. and Streptococcus

Table 2. Etiology and incidence of IE [32-41]
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Period of data collection

1980-2001

2000-2014

Number of cases

675

12772

Staphylococci (%)

24.4

38.1

Streptococci (%)

37.3

17

Enterococci (%)

5

14.4

Gram-negative bacteria(%)

4.8

6.3

Culture negative (%)

13.3

19.6

Other (%)

6

1.3

Fungi (%)

2.8

-

Etiology and incidence of infectious diseases of the heart. An update

bovis. The only continent that stands out by
having a different etiology than all of the
rest is Asia, where the main pathogens are
VGS and Streptococcus sp., staphylococci
occupying the last place, in terms of incidence.
According to a study, rheumatic heart disease
is the main contributor to this specific etiology
of endocarditis in Asia (33-66%), a high
mortality being present in South and East
Asia. Furthermore, when compared to other
continents, Asia has the highest occurrence of
CHD (9.3 per 1,000 live births) [47-50].
Although the causative agents found in
this pathology are common, other bacteria
less typical can be clinically identified. For
example, Gram-negative bacteria (incidence
1-3%) produce infections with a lower
mortality in comparison to other bacterial
pathogens. Mainly, they belong to the
HACEK group (Acronym HACEK stands
for Haemophilus species, Aggregatibacter sp.,
Cardiobacterium hominis, Eikenella corrodens
and Kingella sp.), Enterobacteriaceae, but also to
species of Pseudomonas genus, predominantly
Pseudomonas aeruginosa. Anaerobic bacterial
cultures (2-16% cases of bacterial endocarditis)
have been found in 20% of the cases in
polymicrobial associations, affecting more men
than women, with poor teeth hygiene. Even
though they represent just 1% of pathogens,
they still have a high rate of mortality, estimated
at 21-43%. Polymicrobial endocarditis is rare,
estimated at 1-6.8% and can be caused by
pathogens ranging from CoNS, enterococci,
anaerobic bacteria to Gram-negative bacilli
and fungi. Propionibacterium acnes, Lactobacillus
sp., Clostridium sp., Peptostreptococcus sp. and
Bacteroides fragilis are the most frequently
confirmed anaerobic pathogens [51 - 53].
Blood
culture-negative
endocarditis
(BCNE) represents a tremendous complication
in clinical setting and has a high incidence
that ranges from 2.5% to 31%. BCNE appears
in most cases due to antibiotic prophylaxis,
but also from such causes as the existence
of autoimmune diseases, uncultivable or
intracellular bacteria [54, 55]. A number of
fastidious pathogens are most frequently
detected. Tropheryma whipplei is among them

and is culture-negative in 40% of cases. Another
fastidious pathogen is the nontuberculous
mycobacteria - Mycobacterium fortuitum,
Mycobacterium chelonae, Mycobacterium abscessus
and Mycobacterium chimaera (a pathogen that
contaminates the heater-cooler units used in
cardiac surgery). Also, in this category we can
find the HACEK group and Abiotrophia defectiva,
a nutritionally deficient streptococcus that is
responsible for 5% of all cases of endocarditis
caused by streptococci. The most frequently
identified pathogens of the BCNE etiology
are intracellular pathogens, like Legionella sp.
(nosocomial origin), Coxiella burnetii (3-5% of
infective endocarditis, known to be the most
severe form of Q fever), Mycoplasma sp. and
Chlamydia sp. (only a few cases have been
reported throughout the years) [56-60].
Based on the site of the infection, IE can be
classified in left-side and right-side IE. Left-sided endocarditis (LSE) affects the aortic and mitral valve, being the most common in clinical
setting and requiring in most cases surgical
removal due to the possibility to cause heart
failure in a short period of time. Right-sided IE
involves the pulmonary and tricuspid valve.
This type is occurring in just 5-10% of IE cases. Those who are at high risk for this pathology are intravenous drug abusers (30-40% of
tricuspid valve endocarditis), have implanted medical devices or are undergoing certain
procedures, such as dialysis. Also, there is a
slight possibility to have more than one valve
contaminated (17-22% of patients), i.e., from
the most common to the most rare: aortic and
mitral valve, mitral and tricuspid, aortic and
tricuspid, aortic and pulmonary valve [61 - 63].
Table 3 enlists the incidence of infection taking
into consideration the type of valves.
PVs represent a major risk factor of IE, particularly higher 6 months post valve replacement surgery. PV endocarditis (PVE) can have
an early onset (in the first 2 months post-surgery) and is caused mostly by staphylococci
(Staphylococcus aureus, S. epidermidis) or a late
one (>2 months post-surgery), associated with
enterococci.
Hospital acquired infective endocarditis
(HAIE) has increased in the last decades and
49
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Table 3. The incidence of IE, according to the localization of the infection
Period of data collection

1980-2001 [32-35, 64]

2000-2014 [33, 37, 39]

Mitral valve (%)

42.3

44.6

Aortic valve (%)

42.7

37

Tricuspid valve (%)

2.3

6.8

Pulmonary valve (%)

0.6

2.2

PV (%)

22.6

22.4

Note: PV = prosthetic valves

affects the native valves in 54% of cases. HAIE
is responsible for 20-34% of reported IE cases
and is generally associated with virulent and
resistant microorganisms, such as enterococci
and methicillin-resistant staphylococci, generating high in-hospital mortality rates, of 27-38%.
Determinants that are not supposed to be overlooked for this type of endocarditis are chronic
hemodialysis, bacteremia with Staphylococcus
aureus or methicillin-resistant Staphylococcus
aureus (MRSA), ensuing a mortality of 10% at
30 days [65-68].
INFECTIOUS MYOCARDITIS
Myocarditis is described as the inflammation of the myocardium and can be infectious
and noninfectious (co-occurring with autoimmune diseases, or due to hypersensitivity to
certain substances). It can have a fulminant
or acute form. Infectious myocarditis (IM) has
an unknown incidence, as a consequence of a
long asymptomatic period, predisposing it to
underdiagnosis. It affects mostly children and
young adults. IM can be caused by viruses,
bacteria and protozoa, the etiology being different depending on the geographical region.
In developed countries viruses are mainly responsible for this pathology, while parasites (in
particular, Trypanosoma cruzi, that causes Chagas disease) are the causal agents of infection
in countries located in South and Central America. In 30-70% of cases, viral myocarditis leads
to dilated cardiomyopathy (DCM), Coxsackievirus group B type 3 (CVB3) being the main
responsible pathogen (in 50% of cases) [69-72].
The principal etiological agents responsible for
IM are presented in Table 4.
The most widespread type of myocarditis is lymphocytic myocarditis; aside from
this type there are two more types being men50

tioned: eosinophilic and giant cell myocarditis.
The last form of myocarditis is accompanying
autoimmune disorders (Kawasaki disease, disseminated lupus erythematosus, rheumatic
fever, rheumatoid arthritis, etc.), while eosinophilic myocarditis can occur as a result of drug
hypersensitivity or following smallpox and influenza vaccination [73, 75, 76].
Viruses are the main pathogens involved
in IM. Until the 90’s, Coxsackie B virus (CVB)
had the highest prevalence, being presently
replaced by Parvovirus B-19 (PVB-19) with a
prevalence rate of 30%, followed by human
herpes virus 6 (HHV-6) with a prevalence rate
of 11% [73]. IM has been studied using murine
models infected with CVB3, that resulted
in the description of three infectious stages
(acute, subacute and chronic). In the acute
phase, lasting for about a few days, the virus
infiltrates the myocytes. The second phase can
take between several weeks up to a few months
and is marked by the host’s immune response,
consisting in the activation of cytotoxic T
cells, which determine the lysis of infected
myocytes. The last phase has a similar duration
as the subacute one, and is comprised of
cardiac remodeling in the absence of myocytes
that have been destroyed in the acute and
subacute phase, and can lead to functionality
improvement by inflammation resolving
due to clearing out the virus, or in the worst
case scenario it may lead to DCM. In general,
patients who have acute viral myocarditis are
asymptomatic, but one diagnosis clue that can
be found in these patients are the frequent
ventricular arrhythmias [77-81].
Myocarditis cases that come from Latin
America are due to Chagas disease. An
estimated number of 18-20 million people
are infected by this protozoan each year. This
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Table 4. Etiological agents of IM [69,73]
Causative agents

Infectious myocarditis

Viruses

Coxsackie A and B
Echovirus
Poliovirus
Hepatitis A, B and C
Respiratory syncytial virus
Adenovirus
CMV
Parvo B19
Herpes simplex virus
HIV
Epstein-Barr virus
Yellow fever

Bacteria

Corynebacterium diphtheriae
Streptococcus pneumoniae
Mycoplasma pneumoniae
Brucella sp.
Borrelia burgdorferi
Chlamydia psittaci
Coxiella burnetii*
Rickettsia rickettsii
Neisseria meningitidis
Neisseria gonorrhoeae

Protozoa

Trypanosoma cruzi
Toxoplasma gondii

Fungi

Candida sp.
Cryptococcus sp.
Histoplasma sp.
Nocardia sp.
Aspergillus sp.

Parasites

Trichinella spiralis
Taenia solium
Echinococcus granulosus

Note: *myocarditis is the most severe form of Q fever, being rarely documented [74]

illness has a first asymptomatic - acute phase,
and a second - chronic phase, consisting in
cardiomyopathy and/or mega syndromes,
which can be seen in 30% of the infected people
[82 - 84].
Less frequently seen is bacterial myocarditis, often secondary to endocarditis, pneumonia, Rocky Mountain spotted fever, etc.
Myocarditis is the most common cause of
death in diphtheria, but it also can lead to heart
failure in 8-15% of the people infected with
Chlamydia psittaci. IM can also occur in dengue
fever, rheumatic fever, and in 1-8% of patients
with Lyme disease [69, 73].

INFECTIOUS PERICARDITIS
The pericardium functions as a barrier
that limits the spread of infections and
malignancies to the heart. Pericardial diseases
can be classified in pericarditis (pericardium
inflammation) or pericardial effusion, with
infectious and noninfectious etiology (e.g. due
to malignancy, uremia, and connective tissue
disorders). Infectious pericarditis is related to
hospital setting and endemic area. Pericarditis
remains idiopathic in almost 80-85% of cases,
while infective pericarditis has a rate of 6%.
It can be acute (most frequent, <6 weeks),
subacute (6 weeks - 6 months), recurrent (2051
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Table 5. Main etiological agents of infectious pericarditis
Type of infection

Acute pericarditis

Recurrent pericarditis

Viral

Echovirus
Parvovirus B19
HHV-6
Coxsackie virus
HIV
HBV
HCV
Rubella
Chickenpox
Paramyxovirus (mumps)
EBV
CMV
Influenza virus

Echovirus
Parvovirus B19
HHV-6
Coxsackie virus
Rubella
Chickenpox
Paramyxovirus (mumps)
Influenza virus
EBV
Adenovirus
HIV
HBV
HCV

Bacterial

Streptococci
Staphylococcus sp.
Streptococcus pneumoniae
Norcardia sp.
Actinobacillus sp.
Rickettsia sp.
Neisseria meningitidis
Mycobacterium tuberculosis
Mycoplasma sp.
Haemophilus sp.
Chlamydia sp.
Legionella sp.
Listeria sp.
Coxiella burnetii

Coxiella burnetii
Streptococcus pneumoniae
Mycobacterium tuberculosis
Mycoplasma sp.
Haemophilus sp.
Staphylococcus sp.
Chlamydia sp.
Legionella sp.
Listeria sp.
Leptospira sp.
Neisseria gonorrhoeae
Neisseria meningitidis

Fungal

Histoplasma sp.
Candida sp.
Aspergillus sp.
Blastomyces sp.
Coccidioides sp.

Aspergillus sp.
Candida sp.
Histoplasma sp.
Blastomyces sp.

Parasitic

Echinococcus sp.
Toxoplasma sp.
Entamoeba sp.

Echinococcus sp.
Toxoplasma sp.

40% of time) or chronic (lasts longer than 3
months) [85-90].
Recurrent pericarditis is the most serious
complication and needs to be distinguished
from the continuous type. The European Society of Cardiology defines recurrent pericarditis
as a new infectious episode that occurs after 4
to 6 weeks of complete resolution of symptoms
with treatment; while continuous pericarditis
makes reference to the recurrence of symptoms
up to 6 weeks but no longer than 3 months and
is due to inadequate treatment of the first episode of the disease. Infectious pericarditis can
52

be benign (viral), purulent (bacterial) or granulomatous (M. tuberculosis, fungi). Table 5 presents the etiological agents for this pathology
[86, 91-94].
In Western countries, the most common
form of pericarditis is the acute one, with viral
etiology, being hard to diagnose on account of
its non-specificity (hardly set apart from the
idiopathic form). Tuberculous pericarditis has
a high incidence (70%) in Sub-Saharan Africa,
rising over 90% when co-occurring with HIV
infection and having a high mortality rate of
almost 85%. Bacterial pericarditis is less noted
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in Western countries, but if misdiagnosed
it can be responsible for a 40% mortality
rate. Brucellar pericarditis occurs in almost
1% of cases and is frequently secondary to
endocarditis. Frequently, infections of the
pericardium are caused by anaerobic bacteria
(B. fragilis group, Clostridium sp., Fusobacterium
sp., Bifidobacterium sp., Peptostreptococcus sp.,
Actinomyces sp.) [88, 89, 91, 95, 96].
There are five mechanisms that can lead to
purulent pericarditis: through injuries following surgery and cardiothoracic trauma, hematogenous expansion (bacteremia related), expanding from a myocardial site (infections of
myocardium and also endocardium), adjacent
diffusion from an intrathoracic site and extending from a suppurative subdiaphragmatic location [89, 97].
Purulent pericarditis is typical for
immunocompromised patients (HIV infected,
undergoing dialysis, or chemotherapy,
following thoracic trauma, etc.). The main
etiological agents responsible for this type
of pericarditis are Gram-positive bacteria
and fungi, with a shift taking place in the
recent years to Gram-negative bacteria.
Frequent species identified in this pathology
are Staphylococcus aureus (hematogenous
spread, 22-31%), Pneumococcus sp. (adjacent
diffusion from an intrathoracic site), Borrelia
burgdorferi, Coxiella burnetii (5-7%), followed
by infrequent pathogens such as Haemophilus
sp., Streptococcus sp., Chlamydia sp., Leptospira
sp., Listeria sp., Providencia stuartii. Fungal
infections are thriving in immunocompromised
patients, with species such as Histoplasma sp.
(most frequent), Aspergillus sp., Candida sp.
(especially Candida albicans and C. tropicalis)
and Blastomyces sp. being detected [97 - 99].
Almost 20-30% cases of purulent pericarditis, with causative agents of bacterial nature,
leads to constrictive pericarditis. Purulent pericarditis is derived in 70% of cases from infected
areas adjacent to the pericardium, pneumonia
being responsible for 25% of them. The mortality rate for this illness is between 30-50%, a
main cause of this inflated rate being the high
incidence (40%) of negative cultures [100, 101].

INFECTIOUS COMPLICATIONS FOLLOWING
HEART TRANSPLANT
As specified by the International Society
for Heart and Lung Transplantation, between
1st July 2015 - 30th June 2016, 4,763 hearts were
transplanted, of which 4,119 transplants were
performed in adult and 642 in pediatric population. This surgical procedure is mostly used
in non-ischemic cardiomyopathy, followed by
ischemic cardiomyopathy and restrictive cardiomyopathy. Over the years, from 1992 to 2016,
the sequence of these diseases for which heart
transplant is necessary has not changed significantly [102]. Prior to the discovery of immunosuppressants, the cause of death was mainly
organ rejection. Currently, the highest morbidity rate subsequent to heart transplantation is
caused by graft rejection, followed by infection
occurred in the first 30 days. Mortality caused
by infections ranks first in the period of 30 days
- 1 year post-transplantation, the incidence being of 65%, increasing to 85% after 5 years and
reaching a peak of 91% after 10 years [103, 104].
Depending on their emergence, posttransplant infections can be classified as: i)
early infections - <1 month post-transplant
(Vancomycin-resistant enterococci, MRSA,
Clostridium difficile, Pseudomonas sp., Nocardia
sp., Herpes simplex virus, Candida sp.,
Aspergillus sp.); ii) intermediate infections
- 1-6 months post-transplant (Nocardia sp.,
Clostridium difficile, Mycobacterium tuberculosis,
Listeria
monocytogenes,
Cytomegalovirus
(CMV), HHV-6, Adenovirus, Influenza virus,
Hepatitis C, Hepatitis B, Epstein-Barr virus
(EBV), Candida sp., Aspergillus sp., Pneumocystis
carinii, Cryptococcus sp., Toxoplasma gondii); iii)
late infections - >6 months post-transplant
(Nocardia sp., Mycobacterium tuberculosis,
Listeria monocytogenes, Herpes simplex virus,
Varicella Zoster virus, CMV, Hepatitis C,
Hepatitis B, Aspergillus sp., Pneumocystis
carinii, Cryptococcus sp., Toxoplasma gondii,
Trypanosoma cruzi) [104-107].
Due to immunosuppressants, sudden and
long-term post-transplant infections are a
common complication. The immunosuppressants increase the emergence of opportunistic
pathogens (CMV, EBV, Pneumocystis jiroveci,
53
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Table 6. Preoperative testing for donors and recipients that will undergo heart transplant
(adapted after Hummel, 2011)
Type of examination

Serology

Donor

HIV
EBV
HCV, HBV (15%, respectively 16.3% post-transplant incidence in the 90’s;
according to a study in Italy, HBV has a 5% reactivation rate) [110, 111]
CMV (a 9-35% rate in the first 6 months post-transplant; when infected
with this virus, the rate of opportunistic infections rises and several studies
suggest that the virus can be highly correlated with cardiac allograft
vasculopathy) [112 - 115]
toxoplasmosis (two studies indicate that the serological status of patients
does not influence mortality) [116, 117]
Venereal Disease Research
Laboratory test (VDRL)

Syphilis

Culture

Organ perfusate
Transport media

Smears for MRSA diagnosis
Stool specimens for
C. difficile diagnosis

Other diagnosis

Blood culture

CT, X-ray

etc.). Also, environmental factors may increase
the likelihood of infections through airborne
fungal spores (Aspergillus sp.; Blastomyces sp.;
Cryptococcus sp.; Candida sp.), water contamination with Legionella sp., and visitors who
may be carriers of various viruses and bacteria. A greater threat poses the hospital staff,
because they can easily spread infections from
one patient to another if they do not follow
prevention of hospital-acquired infections protocol (Clostridium difficile infection has 4% incidence, bacterial pneumonia - 25%, bacteremia
- 15%) [108-109].
In order to avoid the risk of infection
increasing among transplant patients, the
donor and recipient will be submitted to
preoperative testing shown in Table 6.
Although there is a low incidence of
fungal infections, these pathogens remain the
main cause of post-transplant mortality (30100%). The most frequently involved fungi are
Candida sp. and Aspergillus sp., especially A.
fumigatus, presenting a higher risk of mortality
because it causes pulmonary aspergillosis in
the first 3 months post-transplant (almost 2440 days, with an incidence of 70%). Infection
with Candida sp. occurs after 45 days and
has gastrointestinal origin. Although these
species are more frequently identified in clinic
than Aspergillus sp., they are rarely invasive,
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generally localizing at the skin and mucous
membranes level [118 - 120].
VENTRICULAR ASSIST DEVICES (VAD)
ASSOCIATED INFECTIONS
Despite of the fact that heart transplant
is the ideal treatment for heart failure, the
number of available hearts from donors
falls short when compared to the number
of recipients. To prolong patients' life until
cardiac transplantation, the recipient can use
ventricular assist devices (VADs) for a long
period of time.
Although these devices can be inserted for
an indefinite period of time, those who wear
them have a high risk of infection, estimated at
14% - 50% during the period of VAD use [121].
According to the International Society for Heart
and Lung Transplantation, there are 3 types of
infections in pre-transplant patients with VAD:
i) VAD-specific infections, when pathogens
infect the device (cannula sing, pump,
percutaneous driveline, pocket infections);
ii) VAD-related infections, occurring as
well in patients that do not have the device
(bloodstream infections, endocarditis); iii)
non-VAD infections, unrelated to the devices
(urinary tract infections, lower respiratory tract
infections, Clostridium difficile infections) [122].
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Table 7. Pathogens involved in VAD infections regardless
of the source of contamination [121, 122, 126, 127]
Period of data collection

1995-2016

Number of cases

132

CoNS

36 (27.27%)

Methicillin-resistant S. aureus (MRSA)

28 (21.21%)

Vancomycin-susceptible enterococci (VSE)

20 (15.15%)

Enterobacter sp.

20 (15.15%)

Vancomycin-resistant enterococci (VRE)

16 (12.12%)

Methicillin-susceptible S. aureus (MSSA)

15 (11.36%)

Escherichia coli

15 (11.36%)

Serratia sp.

12 (9.09%)

Proteus sp.

11 (8.33%)

Pseudomonas aeruginosa

11 (8.33%)

Candida albicans

5 (3.79%)

Other

42 (31.82%)

Etiological agents are identical, regardless
of the site where the infection is identified,
i.e.: CoNS, Staphylococcus aureus, Enterococcus
sp., Gram-negative bacilli (Table 7) [121, 123].

Percutaneous driveline infections have the highest incidence, followed by pocket infections.
Pathogens related to percutaneous driveline
infections belong to the skin microbiota, being

Fig. 3. Etiology of heart infections taking into consideration the three layers of the heart
(Note: *the incidence rate of infectious myocarditis is still unknown)
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isolated in a higher number than those related
to pocket contamination. Thereby, in the first
case, infection can be polymicrobial and can
include multi-resistant pathogens, while when
affecting the pockets a single microorganism is
identified [124, 125].
Taken together, the available data
regarding the etiology of heart infections with
different localizations are synthesized in Fig. 3
[32-41, 93, 98].
CONCLUSIONS

3.

With the increasing prevalence of CVDs,
the risk of infection is also on the rise, due to
the aging of the population, associated with
a growing rate of cardiac surgery and use
of cardiac devices, the presence of various
pathologies such as HIV infection, diabetes,
renal failure, autoimmune disease, and CHD.
Different viral, bacterial, fungal and protozoa
pathogens can specifically infect all heart
layers, from endocardium to myocardium and
pericardium, the etiology depending on the
geographical area, the immune status of the
patient and comorbidities (Fig. 3).
The proper management of heart
infections requires the technical capability
of early laboratory diagnosis, guidelines
for the hospital-acquired infections control
and epidemiological studies to establish the
incidence of different infectious agents in a
certain geographical area.
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