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Abstract

Primary bacterial infection of the myocardium without associated endocarditis is a rare cause of cardiomyopathy (BCM). Staphylococcus aureus is the most common
aetiological agent of BCM although infections with a broad range of other bacterial pathogens may also cause the disease. BCM is a major long-term sequela of
myocarditis, which usually develops in the setting of overwhelming bacteraemia and sepsis. It has a wide spectrum of clinical manifestations ranging from a subclinical
self-limiting flu-like illness to life-threatening arrhythmias, heart failure and even death. Its typical pathophysiological features include multifocal studding of the
myocardium with tiny abscesses and the involvement of the left ventricle. The disease may lead to cardiac dysfunction, rhythm disturbances and myocardial rapture
with or without secondary purulent pericarditis. Due to a very low incidence in modern clinical practice, there are no large-scale clinical trials on BCM. Almost
all information about BCM originates from autopsy studies performed during the pre-antibiotic era with a few recent case reports and observational studies. The
lack of clinical trials has undermined a specific understanding of BCM. This paper reviews published literature on aetiology, pathophysiology, diagnosis and clinical

management of BCM as well as highlights implications for clinical practice and future research.

Introduction

Myocarditis (MC) is a potentially life-threatening inflammatory
disease of the myocardium and one of the most important causes
of dilated cardiomyopathy (DCM). Most often, MC results from
viral infection, and less commonly, specific forms of MC may result
from bacterial and protozoal infections, toxins, drug reactions and
autoimmune diseases [1]. Bacterial infection is a rare cause of MC
and DCM because the widespread use of antibiotics and vaccinations
have significantly suppressed the persistence of bacterial infection. The
majority of published cases of bacterial MC or cardiomyopathy (CM)
are autopsy studies that predate the use of antibiotics [2]. As a result,
most of the current evidence on the pathophysiology, diagnosis and
clinical management strategies of infectious aetiologies of MC or CM
rely almost entirely on studies on viral infections, which may not entirely
apply to bacterial causes of CM. However, continued publications of
case reports and observational studies on bacterial cardiomyopathy
(BCM) in recent years has created the present need to evaluate published
evidence on the pathophysiology, diagnosis and treatment of bacterial
MC and CM. The aim is to improve the understanding of the clinical
status of this rare but potentially fatal form of infective cardiomyopathy
as well to identify areas that would benefit from additional research.

Definitions

The American Heart Association (AHA) and the European Society
of Cardiology (ESC) define cardiomyopathy as a progressive myocardial
disorder characterized by mechanical and/or electrical dysfunction
that usually manifests with ventricular hypertrophy or dilatation in the
absence of coronary artery disease, hypertension, valvular disease and
congenital heart disease in sufficient quantities to cause the observed
myocardial abnormality [3,4]. DM, which is a form of CM as well as
a major long-term sequela of MC due to bacterial infections among
other pathogens, has been defined as a progressive myocardial disorder
marked by left ventricular (LV) or biventricular dilation and contractile
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dysfunction not explained by chronic abnormal loading conditions
or coronary artery disease [4]. Based on the foregoing definitions,
and from an aetiological standpoint, BCM may be defined as a sub-
type of DCM resulting from persistent bacterial infection in a dilated
myocardium in the absence of any other known cause marked by
conduction abnormalities accompanied by structural and/or functional
cardiac abnormalities.

Aetiologic agents

Primary bacterial infection as the cause of infective MC and
its sequela DCM is rare, with an incidence rate of 0.2% to 1.5% [5].
It is rare because myocardial tissues are usually intact and generally
unfertile for bacterial infections, which limits both the frequency and
the persistence of infection [6]. The 2013 ESC Position Statement on
Myocarditis lists the most common bacterial pathogens (bacteria,
rickettsia and spirochaetal) whose infection of the myocardium may
result in the development of bacterial MC and/or CM (Table 1).

Bacteria

Staphylococcus: Staphylococcus is a facultative anaerobic gram-
positive sphere-shaped (coccal) bacterium. It is a usual member of the
microbiota of the human body commonly occurring on the skin or in the
upper respiratory tract. Typical transmission pathways are direct contact
with infected nasal discharges, contact with fomites (contaminated
objects) or inhalation of bacteria-laden aerosols [8]. In most cases, they
cause no health problems. In fewer cases, direct infection or production
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Table 1. Cardiomyopathy-associated bacterial pathogens and their primary diseases

Bacteria Type of Bacteria Disease(s) Caused
Staphylococcus N bancion e s ymome o acones)
Streptococcus Rheumatic fever, pharyngitis, scarlet fever or infant meningitis
Salmonella Typhoid fever, scarlet fever, septicaemia gastroenteritis
Corynebacterium Diphtheriae Diphtheria
Bacteria Meningococcus Meningococcemia and meningitis
Gonococcus Gonorrhoea
Haemophilus influenzae Meningitis, epiglottitis, cellulitis
Mycoplasma pneumoniae Bronchopneumonia.
Brucella Brucellosis
Mycobacterium Tuberculosis
Coxiella burnetii Q Fever
Rickettsial R. rickettsii Rocky Mountain spotted fever
R. tsutsugamuschi Scrub typhus
Borrelia Lyme disease
Spirochaetal Leptospira Weil Disease
Treponema Syphilis

of toxin by the bacteria may lead to a variety of illnesses ranging
from relatively minor skin diseases such as pimples, impetigo, boils,
cellulitis, folliculitis, carbuncles, scalded skin syndrome and abscesses
to potentially life-threatening diseases such as pneumonia, meningitis,
osteomyelitis, endocarditis, toxic shock syndrome, bacteraemia and
sepsis. Staphylococcus aureus (S. aureus) is a member of staphylococcal
bacteria and one of the most recognized cause of bacterial MC [6,7]. The
exact epidemiology of S. aureus associated MC is unknown because of
the infrequent use of endomyocardial biopsy (EMB: the diagnostic gold
standard) despite the lack of an alternative reliable and widely available
non-invasive diagnostic standard [9]. Earlier studies reported S. aureus
is a common cause of bacterial MC without associated endocarditis. In
an analysis of cases of staphylococcal myocardial abscesses, Flaxman
[10] reported 17 out of 23 cases while Samson [11] reported 9 out of
14 cases without associated endocarditis. Case reports associate S.
aureus with septic shock due to staphylococcal bacteraemia, death due
to ventricular rupture [12], and risk factors such as end-stage renal
disease on haemodialysis [13], steroid-dependent Crohn’s disease and
initiation of Infliximab [14], and the presence of AIDs [15]. A recent
case report found an isolated case of S. aureus MC with no evidence of
valvular involvement and LV apical thrombi in patients with normal LV
systolic function [9].

Streptococcus: Streptococcus is a gram-positive, non-motile, non-
spore-forming, catalase-negative spherical bacterium occurring in
pairs or chains. Most members are facultative anaerobes while fewer
are obligate anaerobes. They are part of the endogenous microbial
flora of the nasopharynx and skin, and spread by respiratory secretions
and fomites [16]. In humans, two species - S pyogenes (Group A
streptococci) and S pneumoniae (pneumococci) may cause severe
diseases. Acute streptococcus infection may cause pharyngitis, scarlet
fever, impetigo, cellulitis or erysipelas while invasive infections may
cause necrotizing fasciitis, myositis and streptococcal toxic shock
syndrome [17]. Some patients may develop immune-mediated sequela
such as acute rheumatic fever, glomerulonephritis, endocarditis and MC
[17]. Although myocardial involvement is rare, Streptococcus may infect
the myocardium through immune-mediated reaction manifesting as
rheumatic fever or through direct invasion of the myocardium [6].
Infection occurs after 2 to 3 week-period of latency. In some instances,
MC occurs within a few days post infection, which does not fit the
criterion for rheumatic fever [18,19]. Myocarditis associated with
streptococcal infection mimics myocardial infarction with typical chest
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pains, ECG changes and troponin elevation [18]. Viridans streptococci
have been included in the list of bacterial aetiologies of myocardial
abscess in some series, but it remains unclear whether the process
can occur in the absence of bacterial endocarditis [20]. Streptococcus
pneumoniae is another recognized aetiology of bacterial MC, which
manifests in the setting of pneumococcal bacteraemia with reports of
fatal rapture of pneumococcal abscess into the pericardium [6].

Meningococcus: Meningococcus, also referred to as Neisseria
meningitis, is a gram-negative bacterium and the leading cause of fatal
sepsis (meningococcemia) and sporadic cases of meningitis [21,22]. The
bacterium usually colonizes the naso-oropharyngeal mucosa. To cause
invasive disease, the bacteria attach and invade respiratory epithelium,
enter the circulation system and multiply by evading bacterial activity
[23]. Myocardia involvement following meningococcal infection has
been described in a high proportion of fatal cases of meningococcemia
[24,27]. The focal nature of neutrophilic inflammatory infiltrate in
the myocardium resembles that observed in patients with systemic
infections accompanied by myocardial inflammation due to R.
rickettsia infection [23]. Myocardial inflammatory infiltrates based on
immunohistochemical evidence of meningococci and meningococcal
antigens suggest the inflammation is a direct result of meningococcal
infection of the myocardium [27]. Earlier case reports have described
two fatal cases of meningococci MC with autopsy revealing intense
polymorphonuclear cell infiltrate with gram-negative diplococci
in the myocardium and involvement of the HIS bundle, a case of
myopericarditis in a patient with meningococci meningitis and
bacteraemia [28-30].

Salmonella: Salmonella species are gram-negative, flagellated,
facultative anaerobic bacilli responsible for significant morbidity
and mortality in both developing and developed nations. The major
transmission pathway is contaminated food since Salmonella is a
zoonosis with enormous animal reservoir including chicken, turkeys,
pigs and cows [31]. Since Salmonella survive in meat and animal
products not thoroughly cooked, animal products are the main
vehicle of transmission. Person-to-person spread of salmonellae also
occurs but very rarely. When ingested, Salmonella survive gastric acid
and invade the mucosa of the small and large intestines. Invasion of
epithelial cells induced inflammatory reaction causing ulceration
and destruction of the mucosa leading to gastroenteritis, septicaemia
and enteric (typhoid) fevers as well as a range of clinical syndromes
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including diarrhoea disorders (non-typhoid Salmonella [NTS])
[31]. The bacteria can also disseminate from the intestines to cause
systemic disease. Salmonella infection with myocardial involvement
as a part of extra-intestinal manifestation is rare. There is only about
5% incidence of Salmonella invasion beyond the gastro-intestinal tract,
mostly observed in immunocompromised patients [32]. Most case
reports describe myocarditis associated with S. Typhi and S. Paratyphi
infections. Myocarditis associated with NTS, which is common in the
western hemisphere, has had fewer reports [32]. Although there is no
structured analysis on myocarditis associated with salmonella, common
signs may include ST segment elevation and elevated troponin levels
[33].

Haemophilus influenzae: Haemophilus Influenzae is a gram-
negative coccobacillary anaerobic pathogenic bacterium similar in
ultrastructural features to other pathogenic bacilli. They colonize
the nasopharynx, and may penetrate the epithelium and capillary
endothelium to cause infective and systemic diseases. Type B H.
influenzae may cause meningitis, epiglottitis, bacteraemia, and cellulitis
while nontypeable H. influenzae may cause otitis media, sinusitis,
tracheobronchitis and pneumonia [34]. Myocardial involvement
associated with pandemic influenzae is more common in hospitalized
patients compared to seasonal influenza virus outbreaks [35]. In Japan,
H. Influenzae is an important aetiologic agent of fulminant myocarditis
although in other regions reports of fulminant myocarditis is exceedingly
rare [35]. Myocardial infection may reverse after antimicrobial
treatment but in some cases, depending perhaps by region, the disease
may worsen. For instance, during the 2009 H. Influenzae pandemic in
Japan, all patients recovered without any sequelae, while in Canada,
critical illness occurred rapidly after hospitalization [36,37].

Corynebacterium diphtheriae: Corynebacterium diphtheriae is a
non-motile, non-capsulated, club-shaped, gram-positive bacillus. The
bacterium commonly occurs in the nasopharynx or the skin, and its
spread solely among humans by droplets, secretions or direct contact,
although toxigenic strains have been isolated from horses. Infection
by C. diphtheriae is the aetiological agent of two clinical forms of
diphtheria - nasopharyngeal and cutaneous diphtheria [34]. In areas
where diphtheria is endemic, asymptomatic nasopharyngeal carriage
is common but in susceptible individuals, toxigenic strains may cause
diseases by multiplication and secretion of diphtheria toxin in the
nasopharyngeal or skin lesions. Diphtheria is rare in Western countries
but still an important cause of morbidity and mortality in developing
countries possibly due to improved vaccination programs. Although
cardiac involvement is rare, C. diphtheriae infection associated with
myocarditis is the most common cause of death in diphtheria patients
through the action of exotoxin produced by the bacterium [34].

Mycoplasma Pneumoniae: Mycoplasma pneumoniae are members
of mycoplasma, which are the smallest and simplest self-replicating
bacteria. They are spherical to filamentous organisms with no cell
walls and thus placed in a separate class Mollicutes. They are surface
parasites colonizing the human respiratory and urogenital tracts and
usually spread by close personal contact. Infection by mycoplasma
pneumoniae in humans include subclinical infection, upper respiratory
disease and bronchopneumonia [38]. However, in a majority of cases,
infection does not progress to clinically evidence pneumonia, and if
it does, the onset is usually gradual and the clinical picture is mild to
moderate severe illness with a long (4 to 6 weeks) convalescence. M.
pneumoniae infection is usually accompanied by mild myocarditis with
up to 33% of cases showing ECG abnormalities [38]. M. pneumoniae
associated respiratory tract infections may be accompanied by cardiac
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complications in up to 5% of the cases [39]. Myocardial involvement
is rare and patients present solely with respiratory symptoms, which
may not encourage the need for tests to identify cardiomegaly, ECG
abnormalities and serological testing as part of the routine work-up in
suspected patients [39].

Gonococcus : Gonococcus, also known as Neisseria gonorrhoea,
is a member of the family Neisseriaceae and genus Neisseria. It is a
gram-negative diplococcus obligate bacterium with a high tropism
for superficial human mucosal surfaces. Gonococcus colonize
superficial mucosal surface lined with columnar epithelium mostly
involving cervix, urethra, rectum, pharynx, and conjunctiva. The main
transmission pathway is sexual contact and usually affect the mucosal
membranes of the urethra in men and the end cervix in women, and
in some cases, the infection may disseminate to a variety of tissues
[40]. Gonococcus is the aetiologic agent for gonorrhoea, with a high
prevalence but low mortality. Although gonococcal infects the urethra,
cervix, and pharynx, in about 0.5% to 3.0% of cases, the bacterium
disseminates into the blood stream to affect other body organs including
the heart. However, even with dissemination, cardiac involvement
associated with gonorrhoea is rare [40].

Brucella: Brucella are gram-negative non-spore forming and non-
motile, aerobic coccobacilli. In humans, three species (B melitensis,
B, arbortus and B suis) are important pathogens. Brucella is a
zoonosis transmitted from handling infected animals or consuming
contaminated milk or milk products. Brucella enter the humans
system through the mouth, conjunctival, respiratory tract and abraded
skin, and spread in reticuloendothelial sites to cause brucellosis [41].
Control of the disease is mainly through pasteurization of milk and
milk products, vaccination or the destruction of infected animals.
Usually, most infected individuals recover within 3 to 12 months but
a few may develop complications involving various organs including
the heart. However, cardiac complications of Brucella infection are
rare (approximately 1.5%). In particular, myocarditis, in the absence
of concomitant endocarditis, is very rare. However, Brucella infection
should be considered as a possible aetiologic agent of myocarditis in
endemic areas [41].

Mycobacterium: Mycobacterium is slender, curved rods that is
acid-fast and resistant to acids, alkalis, and dehydration. They are
members of Mycobacterium tuberculosis complex (M tuberculosis, M.
bovis, M. africanum and M. microtii) and nontuberculous species.
Infections occurs by airborne transmission of droplet nuclei
contaminated with a few viable virulent bacteria produced by sputum
positive individual. The bacilli colonize the alveolar spaces for the lungs
and eliminated by the alveolar macrophages but a few may persist,
multiply and kill the macrophages [42]. Mycobacterium are etiological
agents for tuberculosis, which affects the lower respiratory system and
characterized by chronic productive cough, mild fever, night sweat
and weight loss. Usually, in mycobacterium infection (tuberculosis),
myocardial involvement is very rare but there are reports that it can
present with sudden cardiac (even in the absence of disseminated
mycobacterium), atrioventricular block, ventricular arrhythmias or
congestive heart failure. Nevertheless, diagnosis of mycobacterium
should be considered in at risk individuals presenting with fulminant
myocarditis [42].

Rickettsia

Rickettsia are obligate intracellular small gram-negative pathogens.
Their transmission is via arthropod vectors including mites, ticks, flies,
fleas and lice. Symptomatic cardiac involvement in rickettsial infection
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is uncommon. Myocarditis associated with R. rickettsia (aetiologic
agent of Rocky Mountain spotted fever [RMSF]), R. tsutsugamuschi,
(aetiologic agent of Scrub Typhus) and Coxiella burnetii (aetiologic
agent of Q fever) have been reported [43]. Cardiac involvement may be
more prevalent than reported because of a wide variability in severity
and the lack of specificity of clinical presentation. Since the R. rickettsia
has a special tropism for endothelial cells, myocarditis usually results
from disseminated endothelial infection of small blood vessels or by
secondary immune-mediated mononuclear inflammatory reaction
[43].

R. rickettsia: R. rickettsia is a non-motile, gram-negative, non-
spore forming, highly pleomorphic bacteria. Its infection often involves
myocardial tissue as part of widespread vasculitis of the venuoles,
capillaries and arterioles, particularly in fatal cases [44-47]. RMSF has
high mortality rates (4% to 8%) possibly reflecting delayed diagnosis
[48]. Walker et al. performed a blinded review of nine cases of fatal
RMSF and nine age-matched controls and found all RMFS cases had
lymphocytic infiltrates between myofibrils greater than those observed
in controls [46]. Heart weights were increased but with no evidence
of ventricular failure or dilatation. Immunofluorescent staining of
myocardial tissue for R. rickettsia was positive in eight cases. The single
negative case had been treated with antimicrobial (chloramphenicol)
for five days. The location of R. rickettsia was between myocardial
fibres consistent with infection of the vascular endothelium of small
blood vessels. None was observed inside the myocardial fibres and
little or no necrosis of myocardial fibres was observed suggesting
cardiac involvement in R. rickettsia infection but with insignificant
contribution to mortality. Myocarditis in RMSF may go unrecognized
since diagnosis by immunofluorescence antibody titter to rickettsial
antigens >1:64 is not achieved until second week of illness [49].

C. burnetti: C. burnetii is an obligate intracellular pathogen
and the aetiologic agent for Q fever. The organism proliferates in
the phagolysosome of the host cell. Humans acquire the disease
through inhalation of the organisms aerosolized from infected
animals or infected tissues such as the placenta [50]. Cardiac disease
usually manifests as endocarditis but cases of acute Q fever-induced
myocarditis have been described [51]. Myocarditis complicating Q
fever can occur at any age with a more severe manifestation compared
to other cases of Q fever. In a French series of 1276 cases with the acute
form of C. burnetti infection, two of the 12 deaths were due to cardiac
complications of myocarditis. Acute Q fever myocarditis shows ECG
abnormalities particularly T-wave changes and positive serologic tests
for chronic phase of the disease for C. burnetti antibodies (a single
titre of IgM 21:50 and/or IgG >1:200, or by a series of titres that
become increasingly positive) [52]. Cross-reacting antibodies may be
responsible for autoimmune-mediated myocardial damage [50]. Direct
damage to myocardial cells may occur supported by evidence from C.
burnetti culture from tissues obtained from EMB [51].

R. tsutsugamuschi: R. tsutsugamuschi (Orientia tsutsugamuschi)
is the aetiologic agent for scrub typhus, whose infection usually
manifests as febrile illness, headache, maculopapular rash and multi-
organ involvement including pneumonia, meningoencephalitis and
myocarditis. Scrub typhus is prevalent in Asian Pacific region and
infection is usually via chigger (berry bug) bite causing the formation
of an eschar [53]. At present, data for the incidence of myocarditis
associated with scrub typhus is unavailable. In post-mortem analysis of
31 U.S. soldiers during World War IT who died due to scrub typhus, 81%
exhibited varying degrees of myocardial inflammation but the effect
on cardiac function or death was not evaluated [54]. Although MC
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associated with infection by R. tsutsugamuschi may occur frequently, it
is mostly transient with no residual cardiac dysfunction and thus may
not be easily recognized. Permanent cardiac damage is unlikely based
on clinical outcomes and histologic observations [55,56]. However,
deaths associated with ventricular arrhythmias have been reported
[56]. The onset of symptoms of myocarditis may delay for several weeks
after diagnosis of acute scrub typhus because of incomplete treatment
or persistence of residual organisms in the cardiac endothelial tissues
[55]. R. tsutsugamuschi infects endothelial cells and may lead to cell
apoptosis and focal and disseminated vasculitis and perivasculitis
involving small blood vessels. On-specific myocyte injury with minimal
necrosis can occur because of injury to the endothelial cells and
inflammatory response by infiltrating lymphocytes, monocytes, plasma
cells associated with haemorrhage and oedema resulting from adjacent
infection [57]. The lack of significant myofibril necrosis may explain the
absence of chronic cardiac sequelae [56].

Spirochaetal: Spirochaetal are a type of slender, elongated, spirally
twisted along the axis, and highly motile gram-negative bacteria. Three
genera of spirochaetal can cause human infection: (a) Treponema causes
syphilis and the non-venereal treponematoses; (b) Borrelia causes Lyme
disease and relapsing fever; and (c) Leptospira causes leptospirosis or
Weil disease. Only Lyme disease and Weil disease have been associated
with myocardial involvement and myocarditis [58,60].

Borrelia: Lyme disease due to Borrelia infection is transmitted to
humans by hard-bodied ticks found in temperate climates [61]. The
hallmark of Lyme disease is erythema migrants (an expanding red rash),
which occurs in approximately 90% of diagnosed cases [62]. Other
clinical manifestation become apparent after the bacteria disseminate
from the site of initial infection in the skin to the heart and other
organs. The prevalence of the disease has decreased significantly after
the advent and the use of antibiotic therapy in the course of infection
[58]. Myocardial involvement occurs when Borrelia (Lyme bacteria)
disseminate from site of infection to establish infection in cardiac tissue.
Myocarditis associated with Lyme disease may be accompanied by joint
or nervous system manifestations but the heart remains the only site of
clinically apparent disease [63,64]. Early studies reported myocarditis
with or without pericardial involvement occurred in approximately 4%
to 10% of untreated Lyme disease and the rate goes significantly higher
with the inclusion of asymptomatic carditis [63]. Lyme bacteria damage
myocardial tissues via inflammation that occurs when the host immune
cells respond to bacterial infection. Typical cardiac manifestation
is partial heart block due to impaired electrical signal that controls
contraction of the upper and lower cardiac chambers. The heart block
is mild and transient, resolving within six weeks after onset. Typical
symptoms include light-headedness, fainting, shortness of breath,
palpitations and/or chest pains with very few cases of reported deaths
[58].

Leptospira: First described in 1886, Weil disease is a severe form
of leptospirosis, which is a ubiquitous zoonosis transmitted to humans
via water contaminated with animal urine or faeces. Recently, the death
of a British Olympic rower from Weil disease has raised awareness
among the public and medical profession about this uncommon but
potentially deadly disease [62, 65]. Transmission of the bacteria from
contaminated water occurs through broken skin, mucus membranes
and conjunctivae, with farmers and people living in urban slums at
the highest risk [66]. However, diagnosis should be considered in all
individuals likely to have had contact with potentially infected animals,
soil or surface waters contaminated with animal urine, or those working
in sewers or participating in certain water sports like canoeing [67-69].
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Myocarditis is an underestimated complication of Weil disease because
it is frequently asymptomatic. Common symptoms of myocarditis
associated with Weil's disease include arrhythmias, conductivity
impairment and non-specific terminal phase abnormalities usually
with non-specific ECG changes [61].

Treponema: Treponema are helically coiled, corkscrew-shaped
bacteria. Humans are the only natural host (there is no-known non-
human reservoir). Infection by treponema occurs through sexual
contact, blood transfusion from individuals with incubating syphilis
or vertically from infected mother to her newborn child [70]. Upon
infection, treponema penetrates the mucosal membranes or enter
minuscule breaks in the skin. Treponema pallidum is the aetiologic
agent for venereal syphilis, which if left untreated, becomes a chronic
disease characterized with asymptomatic intervals. In individuals
with acquired venereal syphilis, the disease develops through three
stages: initial genital tract lesion (primary stage); disseminated lesions
(secondary stage); and approximately a third of untreated individuals
show cardiovascular and neuroglia complications (tertiary stage)
[71]. If left untreated, cardiac involvement in syphilis (cardiovascular
syphilis) is common during the tertiary stage of the disease (persistence
treponema infection). Myocardial involvement may begin with transient
myocardial inflammation with little or no impaired circulation. Later
stages are characterized by syphilitic involvement of the heart confined
almost purely to the aorta and aortic valve with the potential to develop
into aortic insufficiency, dilation, cardiomegaly and ultimately HF
[70,71].

Pathophysiology
Pathophysiologic groups

The exact pathophysiological mechanisms through which bacterial
infections may lead to MC and its chronic sequela CM is incompletely
understood. This is partly attributed a significant reduction in incidences
of bacterial MC or CM and the consequent the lack of recent studies
specific to bacterial MC or CM. Studies done during pre-antibiotic
era suggest several distinct pathophysiological patterns of BCM. In
particular, Tenants and Parks described three group of BCM patients
[72]. The first and the most commonly encountered in clinical practice
are those with myocardial abscesses in the setting of overwhelming
sepsis and usually the presence of other organs with abscesses in the
absence of endocarditis. A classic review 240 cases of myocarditis
associate the presence of pyemia with myocardial abscesses [73]. The
second group included patients with endocarditis who developed
myocardial abscess by direct extension. The third group included
patients with abscesses only in the myocardium and absent in other
organs. In a review of bacterial myocarditis, Wasi and Shuter described
a fourth group of patients characterized by diffuse bacterial infiltration
throughout the myocardium without discrete abscess formation [6].

Pathophysiologic features

The literature on the pathophysiology of BCM is scant. Most of
what is currently known comes from autopsy series published during
the pre-antibiotic era, which give a gross description of the myocardium
without a clear description of the underlying mechanism and clinical
course [73-76]. The presence of abscess in the myocardium emerges
as a characteristic pathological feature in BCM. Flaxman analysed
14,160 autopsies performed between 1929 and 1942 out of which
29 cases showed evidence of myocardial abscess [74]. The 29 cases
occurred across all age groups, with a greater proportion (n=13; 45%)
in children (<18 years), followed by infants (n=5; 17%) and finally older
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patients (>50 years) (n=3; 10%). The presence of myocardial abscess
in the absence of endocarditis was common in almost three quarters
of the reported cases (72%), all of whom had remote foci of infection
especially osteomyelitis and cellulitis.

Sanson et al. analysed 2,897 autopsies between 1940 and 1961,
and described 23 cases of myocardial abscess, with an incidence of
1.5% of all autopsy cases [75]. The population was much older than
that of Flaxman, fewer cases younger than 18 years (n=1; 4%) with a
majority older than 50 years (n=13; 57%) [74]. In 74% of the cases,
myocarditis abscess developed in the absence of endocarditis with most
patients with proven bacteraemia and a recent history of surgery and/
or malignant disease. Disseminated abscesses (in kidneys, lungs, brain,
liver, and adrenal glands) was common in 91% of the cases with the
remaining 9% had myocardial abscess alone. Myocardial abscesses
were multiple and minute with the involvement of the left ventricle
(LV) in all the cases. The most common bacterial aetiological agent was
Staphylococcus aureus.

In an analysis of autopsy series of 3,048 patients between 1967 and
1977, Abela et al. described 14 cases of myocardial abscesses in the
absence of infective endocarditis [76]. Twelve cases were bacterial and
two were protozoal. Disseminated abscesses were observed in 64% of
the cases while 36% had only abscesses in the myocardium (only the
heart was involved). The most common extra cardiac sites of abscesses
were lungs, adrenal glands, thyroid glands and parietal pericardium.
In conclusion, the authors observed that routine autopsy procedure
of examining a single randomly selected section of the myocardium
is inadequate, which may underestimates its true prevalence. Saphir
described 32 cases of myocardial abscesses among 240 autopsy cases of
MG, all of which occurred in the presence of pyemia [73].

Kim et al. described 63 cases of myocardial abscesses from 12,359
autopsies between 1962 and 1975 translating to an incidence of 0.5%
[77]. All the 63 cases exhibited multi-focal myocardial abscesses
with 80% of the cases without co-existing infective endocarditis.
Staphylococcus aureus was the most common bacterial pathogen
responsible for the abscesses cultured from antemoterm blood of 22
patients. A majority of the 63 patients (n=51; 63%) had disseminated
abscesses in one or more extra-cardiac organs. Most of the myocardial
abscesses appeared to result from disseminated sepsis although surgical
conditions, malignancy and alcoholic hepatic disease were the most
frequent primary conditions in cases with myocardial abscesses.

Besides abscesses, other less common presentations of bacterial
MC or CM include infarcted tissues, abscess association with
myocardial rapture and diffuse myocardial infiltration by bacteria
[6]. Bacteria abscesses have been observed in both old infarcts and in
acutely infarcted myocardium [78-81]. Pathophysiologic sequence of
events leading to infarcted tissue is not established, but the belief of
most authors is that it is the result of bacterial seeding of the normal
myocardium. However, the bacteria may not be the cause of infarct or
infection in most cases because mostly the infarcts are old, involved
vessels often demonstrate severe atherosclerosis and the absence of
septic emboli within coronary arteries. Abscess-associated rapture of
the myocardium is rare in BCM patients although it has been described
in each of the pathophysiologic groups and may be more common in
abscesses involving infarcted tissues [72]. The last distinct presentation
of BCM is diffuse bacterial MC in the absence of discrete abscess
formation. This exceedingly rare pathological type of BCM has been
observed in patients with meningococcal and Group B streptococcal
myocarditis [[73,82].
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Based on the autopsy evidence and proposed pathogenic
mechanisms of the general bacterial myositis, myocardial abscess is a
pathophysiological hallmark of BCM, which may be disseminated to
other body organs with or without infective endocarditis usually in
the setting of bacteraemia and sepsis [5,73-77]. The pathophysiology
process of BCM may involve three phases. In the initial phase, bacterial
invade the myocardium but a definitive purulent collection has not
yet developed. This sub-acute phase occurs over 1 to 3 weeks [5]. The
second phase involves the supportive stage (formation of abscesses)
occurring 10 to 20 days. This is the phase where detection of myocarditis
is usually established. Imaging should confirm abscess and aspiration
would yield pus during this phase. If the infection remains undiagnosed
and untreated, systemic findings including sepsis will develop as part
of the third phase. Dissemination of abscess to other organs may also
occur [5].

Clinical presentation and investigation

Presentation

Most studies on clinical presentation of infective MC focus on
viral MC with very few data on bacterial MC and/or DCM. Although
the heterogeneity of infective bacterial pathogens may present with a
wide spectrum of clinical signs and symptoms, clinical presentation is
dominated by symptoms and signs of overwhelming infection or cardiac
involvement [6]. Most BCM patients present with febrile illness with
some elements of sepsis syndrome. Symptoms of cardiac dysfunction
may include angina, dyspnoea and orthopnoea. Physical signs may
include tachycardia, hypotension, distended neck veins, gallop rhythms
and pulmonary rales [78,80,81]. Paradoxical pulse and pericardial rub
may be present in cases of myocardial rapture [29].

Investigation

Laboratory: Different clinical investigation tools are known to detect
infective pathogens responsible for infective MC. Non-viral aetiologies,
including bacterial pathogens, are often morphologically distinctive
and thus identifiable by direct microscopic examination with routine
and special stains — Gram’s, Gomori’s, periodic acid-Schiff and Ziehl-
Neelsen [34]. These microbiological cultures and other laboratory
tests are useful for definitive diagnosis of causative infective bacterial
pathogens. Usually, routine laboratory tests may detect leucocytosis
with band forms indicating ongoing bacterial infection. The real world
data of the Marburg Myocarditis Registry (MMR) containing 1,098
records of biopsied patients with suspected inflammatory DCM and/
or MC reveals common diagnosis methods of bacterial myocardial
infection include serodiagnosis, blood culture and microscopy of
sputum or pericardial fluid (Table 2). In some bacterial pathogens,
serology alone may be insufficient for a confirmatory diagnosis and
endomyocardial biopsy may be required to confirm diagnosis [82].
Chest roentgenogram (X-ray) may reveal cardiomegaly and pulmonary
oedema [80,81,83]. Blood culture is generally positive and biochemical
markers of cardiac injury may be elevated. Cardiac biomarkers such
as troponins or creatine kinase lack specificity but may be useful to
confirm diagnosis of MC [84,85]. In patients with acute MC, serum
concentration of troponin I and T are elevated more frequently than
creatine kinase myocardial band fraction, and higher concentrations
of T may have a prognostic value. Non-specific markers of myocardial
inflammation such as leukocytes may be elevated in acute MCs but
lower values do not exclude acute myocardial inflammation [86,87].

Electrocardiogram: In acute infective MC, the electrocardiogram
(ECG) may reveal sinus tachycardia with non-specific ST-segment and
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T-wave abnormalities, which may be a consequence of direct cardiac
injury or alterations in the host’s physiologic and metabolic state such
as hyperpyrexia, electrolyte abnormalities and perturbations of the
respiratory and central nervous system (CNS) [11]. Occasionally, ECG
changes may suggest acute myocardial infarction and may include ST-
segment elevation, ST-segment depression and pathologic Q-waves
[78,79]. Pericarditis may infrequently accompany MC, and in these
patients, pericardial involvement may present with pericarditis-like
changes on the ECG [29]. Arrhythmias and conduction abnormalities
suggesting bacterial invasion of the conduction system have also been
described [73,80]. The sensitivity of the ECG for MC is low (47%) [88].
In MC patients, the presence of Q waves (Q duration > 120 ms) or left
bundle-branch block has been associated with higher rates of death and
heart transplantation [89,90].

Echocardiography: There are no specific echocardiographic
features of infective MC because patterns consistent with dilated,
hypertrophic and ischemic cardiomyopathies have been described in
patients with histologically proven MC [1]. However, echocardiography
allows the evaluation of cardiac chamber size, wall thickness, systolic
and diastolic functions, and the presence of intracavity thrombi.
In infective MC, its most prominent role is to rule out other causes
of myocardial dysfunction or HF such as valvular heart disease or
hypertrophic or restrictive cardiomyopathies [2]. Evaluation of different
echocardiographic parameters is of prognostic relevance. For instance,
fulminant MC patients usually exhibit normal cardiac chamber sizes
with increased septal thickness due to acute myocardial oedema
while acute MC patients have marked LV dilatations and normal wall
thickness [91]. Mostly, echocardiographic tests have been used in the
setting of viral MC and DCM but reports for their use for myocardial
abscesses is unknown.

Magnetic Resonance Imaging: The utility of cardiac magnetic
resonance imaging (MRI) for the assessment of patients with suspected
MC and/or DCM has been increasing [92-98]. With a unique potential
for tissue characterization particularly with the use of T1- and T2-
weighted images cardiac MRI can assess three markers for cardiac
injury - (a) intracellular and interstitial oedema; (b) hyperaemia and
capillary leakage; and (c) necrosis and fibrosis [96,99]. A white paper
by the International Consensus Group on Cardiovascular Magnetic
Resonance in Myocarditis recommends the performance of cardiac
MRI in symptomatic patients with clinical suspicion of MC in whom
MRI findings will affect clinical management [99]. The white paper
proposes cardiac MRI criteria for the diagnosis of MC based on the
Lake Louise Criteria have been proposed].

A. Cardiac MRI is consistent with myocardial inflammation if at least 2
of the following criteria are present:

a) Regional or global myocardial signal intensity increase in T2-
weighted images;

b) Increased myocardial global early enhancement ratio between
myocardium and skeletal muscle in gadolinium enhanced T1-
weighted images;

C) At least one focal lesion with non-ischemic regional distribution
in inversion recovery-prepared gadolinium enhanced T1-
weighted images.

B. Cardiac MRI is consistent with myocyte injury and/or scar caused
by myocardial inflammation if criterion 3 is present.

C. Repeat cardiac MRI between 1 and 2 weeks after the initial cardiac
MRI study is recommended if

Volume 2: 1-2



Albakri A (2019) Bacterial cardiomyopathy: A review of clinical status and meta-analysis of diagnosis and clinical management

Table 2. Causes and diagnosis of bacterial myocarditis and cardiomyopathy

Bacterial Pathogen % Positive in MMR Diagnosis Made via
Staphylococci 0.03% Blood culture, in sepsis or endocarditis
Streptococci 0.02% In rheumatic fever, in cooperation with Chandigarh
Mycobacterium tuberculosis 0.02% Imerfeﬁ?j;;zg;}gfﬁfz;jfjﬁ ggl;R:rziglu grllltil(feron or
Haemophilus Influenza 0.002% Serodiagnosis
Chlamydia pneumonia 0.03% Serodiagnosis

a) None of the criteria are present but onset of symptoms is very
recent and there is strong clinical evidence for myocardial
inflammation;

b) One of the criteria present.

D. The presence of LV dysfunction or pericardial effusion provides
additional supportive evidence for myocarditis.

When > 2 of the 3 criteria (A to C) are positive, myocardial
inflammation can be predicted with a diagnostic accuracy of 78%
but if only delayed post-gadolinium enhancement imaging is used,
the diagnostic accuracy drops to 68% [99]. Cardiac MRI has an
almost similar accuracy to endomyocardial biopsy. In histopathologic
evaluation of biopsy specimen directed with cardiac MRI with delayed
enhancement revealed active MC in 19 of 21 patients but when contract
could not be obtained from region of contract enhancement, active
MC was found in only 1 out of 11 patients [100]. However, the use of
cardiac MRI in patients with MC and DCM due to bacterial infection
have been described in the setting of viral MC and DCM but their use
for primary bacterial MC or CM has not been reported.

Management strategies

Heart failure therapy

Pharmacological support : Ideally, the treatment of infective
myocarditis should target the causal bacterial pathogen but the
effect of aetiology-based therapy has only been confirmed in a few
inflammatory heart diseases including sarcoidosis and giant cell MC
[2]. Due to a high incidence of impaired LV function in patients with
BCM, evidence based HF pharmacotherapy in patients with BMC have
been performed but the evidence is based largely on animal models.
The 2016 AHA scientific statement on diagnostic and treatment
strategies for specific dilated cardiomyopathies and the 2013 ESC
position statement on aetiology, diagnosis, management, and therapy
of myocarditis [7] recommend intensive pharmacological support for
BCM patients diagnosed with hemodynamic instability [7,101]. Most
patients with acute MC presenting with DCM respond well to standard
HF pharmacotherapy: diuretics, angiotensin-converting enzyme -
inhibitors (ACE-I) or angiotensin receptor blockers (ARBs), and beta-
blockers (bisoprolol, metoprolol succinate, or carvedilol) once they are
clinically stable. Standard HF therapy should be initiated according to
the New York Heart Association (NYHA).

Early initiation of ACE-I and ARBs has been shown to attenuate
chronic maladaptive cardiac remodelling and reduce the progression to
DCM. Experimental autoimmune or virus-induced CM mouse models
reveal ACE-I (captopril) and ARBs (losartan and olmesartan) reduced
inflammation, necrosis and fibrosis while olmesartan significantly
improved LV function and reduced progression of cardiac remodelling
[102-106]. In a rat model of inflammatory CM, diuretics has been
associated with decreased fibrosis, myocyte sizes and myocardial
protein levels [107]. Beta-blockers is discouraged in the phase of acute
decompensated HF and in early treatment of fulminant MC, although

Trends in Res, 2019 doi: 10.15761/TR.1000138

it improved ventricular function and reduces hospitalization for
worsening HF and improved survival these effects vary based on the
type of beta-blocker used. While carvedilol produces cardioprotective
effect (suppress inflammatory cytokines and its antioxidant properties)
in rat models of autoimmune MC, metoprolol and propranolol
did not show cardioprotective effects [108]. The administration of
aldosterone antagonists is recommended for systolic HF patients with
persistent NYHA functional class II to IV symptoms. In these patients,
aldosterone antagonists in addition of standard HF therapy reduced
hospitalization for worsening HF and increased survival [109]. Anti-
inflammatory effect of Eplerenone on murine viral MC inhibited mast-
cell derived proteinases resulting in improved myocardial remodelling
by suppressing fibrosis [110].

Non-pharmacological support: In a subset of BCM patients
presenting with cardiogenic shock, mechanical circulatory (such as
extracorporeal membrane oxygenation [ECMO]) supports may be
beneficial for adult and paediatric patients with fulminant MC[111,112].
For patients with cardiogenic shock due to acute MC, who deteriorate
despite optimal medical management, they are likely to have prolonged
recovery and implantation of ventricular assist device (VAD) as a
bridge to transplantation [113,114]. Cardiac transplantation is reserved
for patients who are refractory to both optimal medical management
and mechanical circulatory support [1]. Patients presenting with
high-grade atrioventricular (AV) block and tachyarrhythmias may
require appropriate anti-arrhythmic medication and placement of
temporary or permanent pacemaker as needed. Usually, arrhythmias
resolve after several weeks. Patients with symptomatic or sustained
ventricular tachycardia may require antiarrhythmic therapy or possibly
implantable cardioverter-defibrillator (ICD) or heart transplantation
if arrhythmias persist after acute inflammatory phase. Finally, due to
the evidence of associating sustained aerobic exercise during acute viral
MC and increased mortality, patients with acute MC are advised to
withdraw from competitive sports and other vigorous exercise for up
to six months or longer after the onset of symptoms, with the length
of recuperation depending on the recovery of LV function [115,116].
However, the evidence for non-pharmacological support for infective
MCand DCM is based on studies on viral aetiologies but their beneficial
properties on bacterial aetiologies have not been elucidated.

Antibiotic therapy

Specific large-scale clinical trials on antibiotic treatment for primary
bacterial infection of the myocardium are conspicuously lacking.
However, emerging evidence suggest that aggressive antibiotic therapy
directed at the suspected or proven bacterial pathogen may be clinically
beneficial to BMC patients. Fourier et al. described eight patients with
acute Q fever associated MC treated with antibiotic (doxycycline) for a
minimum of 14 days [51]. Five patients fully recovered, two died and
one was listed for cardiac transplantation. Vogiatzis et al. described a
30-year old woman infected with C. burnetti presenting with chest pain,
ECG abnormalities and higher levels of serum cardiac biomarkers who
received doxycycline therapy for 21 days and remained asymptomatic
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for 24 months [117]. Murcia et al. described a similar case of a 40-year-
old man with C. burnetti presenting with fever and rapid development
of HF symptoms [118]. Treatment with clarithromycin combined with
losartan and furosemide completely normalised his cardiac function by
six months. Mycoplasma pneumonia responds to macrolide antibiotics.
Two case reports describe a young woman with Chlamydia pneumoniae
MC presenting with acute HF with polymerase chain reaction (PCR)
and Southern blot analysis on myocardial specimen detecting C
pneumoniae and parvovirus B19 genomes whose cardiac function
normalized and biventricular assist device explanted after a ceftriaxone
and erythromycin therapy [118,119]. In five patients with mycoplasma
pneumonia, MC treated with erythromycin and doxycycline, four
experienced a complete recovery including normalization of cardiac
structure and function [120]. In addition to antibiotic therapy, if a
primary focus of bacteraemia is detected, drainage may be indicated.
However, the role of surgical removal or drainage of localized
myocardial abscesses remains incompletely defined, although the usual
multifocal distribution of tiny abscesses would militate against the
effectiveness and feasibility of surgical intervention in most cases [120].

Meta-analysis of siagnosis/management

Cases of bacterial infection as the primary cause of infective MC
and/or DCM has reduced considerably since the advent and widespread
use of antibiotics although case reports continue to describe sporadic
incidences of BCM [51,117-120]. Reduced incidences has contributed
to the lack of large-scale trials limiting a specific understanding of
pathophysiology, diagnosis and clinical management of BCM. Besides

Table 3. Summary of the Characteristics of the Studies Included in the Meta-analysis

blood culture and serologic tests that are specific to bacterial infection,
diagnosis methods for MC and DCM rely on the evidence from viral MC,
which may not apply to bacterial aetiologies [82,91,92,121]. In addition,
treatment strategies such as pharmacological and non-pharmacological
therapies depend on findings from animal models mostly involving viral
MC or CM with no available reports of human trials. The efficacy of
antibiotics on cardiac function or relief of symptoms has also remained
unclear. This meta-analysis therefore evaluates diagnosis and clinical
management methods for BCM patients. It was performed using a
prospective protocol, which was based on recommended methods
for systematic reviews and meta-analyses of observational studies and
adverse events [122-124]. Three online databases (PubMed, EMBASE
and Cochrane Library) were searched for relevant publications that
investigated diagnosis and treatment methods in patients with bacterial
MC or CM. Table 3 provides a summary of the fifteen (15) studies
included in this and meta-analysis.

Findings

There was a lack of clinical trials or studies specifically investigating
patients with BCM. The 15 studies included in this meta-analysis
investigated patients with primary bacterial infection and clinical
evidence of cardiac involvement, which included patients with bacterial
myocarditis and/or cardiomyopathy [51,63,125-137]. . The studies were
published between 1980 and 2018 [63,134-137]. A majority of the
studies (two thirds) of the 15 studies were prospective observational
cohort studies (n=10; 67%) [63,125,127-129, 132,133,135-137],
autopsy series (n=2; 13%), case series (n=2; 13%) and retrospective

First Author . No. of Bacterial pathogen . . Antibiotic R,
[Ref #] Year = Study Design Patients (disease) Diagnostic Methods Therapy Summary of Main Findings
Steere [63] 1980 Prospective 20 Borrelia (Lyme disease) ECG, radlonucllde, Not evaluated Compl'ete h.efm bllock 1§ common, with mild
cohort serological tests myopericarditis with no involvement of valves
Prospective Leptospira (Weil ECG, clinical, Widespread ST-T wave changes, atrial arrhythmias,
Lee [122] 1986 c (ﬂlort 11 P ;Ap mf ) “ serological and Not evaluated | cardiomegaly, interstitial and perivascular inflammatory
15ease, histological tests infiltrates, and other organs involvement (renal/hepatic)
Menineococeus Serological and High frequency of MC in fatal cases of meningococcal
Garcia [123] 1999 | Autopsy series 31 Hngococe . e Vasoactive drugs | infection not influenced by medication, sex, age and time
(Meningitis) histological tests
after onset of symptoms
ECG, serological, . Prolonged QTc, T-wave inversion, mononuclear
. . blood culture DOXyCyCFlHC, and lymphocytic infiltrate in the myocardium with
Fournier [51] 2001 Case series 8 C. burnetti (Q fever) . . X furosemide, . . . o
histological, and L myocardial necrosis. Resolution of symptoms within 1-3
. p . digoxin
immuno-histochemical months
Tempora Major ECG abnormalities — complete heart bloc, and
Prospective C. Diphtheriae ECG, serological tests, porary elevated cardiac kinase and troponin T. Temporary
Dung [124] 2002 32 . . cardiac . - . . .
cohort (Diphtheria) echo, acemaker insertion of cardiac pacemaker may improve outcomes in
p in children and adolescents with diphtheric MC
. . . . Common ECG abnormality - AV block, prolonged
Trivedi [125] 2003 Prospective 25 Lep m.sP ira (Weil ECG, echo, serological Not evaluated QTc interval, ventricular premature beats, with no LV
cohort disease) tests K
dysfunction on echo.
Prospective C. Diphtheriae ECG and measurement of serum biomarkers of cardiac
Kneen [126] 2004 cohort 154 (Diphtheria) ECG, serologic tests | Benzyl penicillin | damage can predict cardiomyopathy due to diphtheria. In

Leptospira (Weil

Salkade [127] 2005 disease)

Autopsy series 62

Costello [128] 2009 Case series 207 Borrelia (Lyme disease)

ECG, blood tests
including cardiac
biomarkers, serological
tests

Prospective
cohort

C. Diphtheriae

100 (Diphtheria)

Kole [129] 2012
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Serologic tests,
immunohistochemical

ECG, echo, serological
and histological tests

79 survivors, all had normal ECG after 1 month

Extra cardiac tissues and organ haemorrhage with

Not evaluated pulmonary haemorrhage being the main cause of death.

Antibiotics

atropine o
. (atropine, Common ECG abnormalities ST-T changes complete
isoproterenol, Lo
. heart block, LV dysfunction, inflammatory changes on
prednisone, . X . .
. biopsy. Sinus rhythm and cardiac dysfunction resolved
furosemide,
after 1 month.
temporary
pacing)
Common ECG abnormalities T-wave inversion, sinus
Intravenous tachycardia, ST segment depression and heart block.
benzyl penicillin | Increased vaccination and improved socioeconomic
and ADS status are effective preventive measures to reduce the

incidence of diphtheric cardiomyopathy
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First Author . No. of Bacterial pathogen . . Antibiotic [
[Ref 4] Year = Study Design Patients (disease) Diagnostic Methods Therapy Summary of Main Findings
Non-specific ECG changes, sinus tachycardia was the
Gunaseckaran 2016 Prospective 31 R. tsutsugamuschi ECG, echo, blood tests, Not evaluated most common. In scrub typhus, cardiac manifestation
[130] cohort (Scrub Typhus) serological tests, are frequently associated with increased morbidity and
mortality.
High incidence of ST elevation, paroxysmal atrial
Retrospective R, tsutsueamuschi ECG, echo, cardiac fibrillation were common in patients with MC than those
Chin [131] 2018 P 89 ) & biomarkers and Not evaluated | without. Patients with high bilirubin and atrial fibrillation
cohort (Scrub Typhus) . . . X .
coronary angiography are at an increased risk of acute MC associated with
scrub typhus.
. Prospective R. tsutsugamuschi ECG, echo, serological In scrub typhus disease, cardiac manifestations are
Karthik [132] 2018 cohort 81 (Scrub Typhus) tests and blood tests Not evaluated frequent and associated with increased mortality
Prospective ECG. echo Routine screening forl antibodies can help reduce
Melenotte [133] 2018 P 2434 C. burnetti (Q fever) . " y Not evaluated complications and to diagnose vascular and lymphatic
cohort histological tests, . R . .
infections associated with death and lymphoma.
Sinus tachycardia, T-wave inversion, ST segment
. . |Intravenous ADS, depression, RBBB, multiple atrial ectopic. Cardiac
. . . ECG, serologic testing . . . . . i
. Prospective C. Diphtheriae benzyl penicillin | involvement is a common complication of diphtheria
Samdani [134] 2018 60 i X and blood tests for . o . .
cohort (Diphtheria) . and oral associated with high mortality but preventable with
serum biomarkers . L o
erythromycin adequate vaccination. Symptoms resolve within 4-6

cohort (n=1; 7%) [51,126,130,131,134]. In total, the 15 studies
included 3,395 patients with suspected or confirmed bacterial MC or
CM. The studies included both children and adults, with a mean age
of 35 years. A greater majority were male patients (64%) reported in
13 studies [51,63,125,126,128-136]. Bacterial infections (and primary
disease) studied included borrelia (Lyme disease) [63,31], leptospira
(Weil disease), meningococcus (meningitis) [126], C. burnetti (Q fever),
C. diphtheriae (diphtheria), and R. tsutsugamuschi (scrub typhus)
[31,51,63,125,128-130,133-135].

Clinical presentation could not be pooled because of insufficient
data and wide variation across studies due to heterogeneity of causative
bacterial pathogens. However, common signs and symptoms in
almost all the 15 studies included chest pain, new-onset or worsening
dyspnoea, palpitations, unexplained arrhythmias and unexplained
cardiogenic shock. Common diagnostic tests performed in almost
all the 15 studies were serological tests and EMB (histological and/
or immunohistochemical tests) to diagnose the causative bacteria
pathogen, and ECG, cardiac biomarkers, and echocardiography to
evaluate cardiac involvement. ECG was performed in all cohort studies
and case series (apart from autopsy series) to detect abnormalities in
the heart’s conduction system. Data from eight studies revealed ECG
abnormalities occurred in 68.4% of the patients (95% CI: 38.8% to
88.1%) (Figure 1) [63,125,127-129,131,132,137]. However, there
was significant heterogeneity (I* = 96.05%) across individual studies
attributed to differences in the characteristics of patients enrolled,
which included those with or without echocardiographic evidence of
cardiac dysfunction, age differences (included children and adults)
and differences in the time ECG test was performed since the onset
of the disease. Further analysis showed common electrical conduction
abnormalities were T-wave inversion (29.8%; 95% CI: 13.9% to 52.7%;
Figure 2), ST/T-wave changes (20.2%; 95% CI: 9.4% to 38.3%; Figure
3), ST-segment elevation (17.3%; 95 CI: 6.8% to 37.6%; Figure 4), ST-
segment depression (13.3%; 95% CI: 6.8% to 24.5%; Figure 5), prolonged
QT interval (9.8%; 95 CI: 2.1% to 35.2%; Figure 6). Other common
ECG abnormalities included sinus tachycardia (35.9%; 95% CI: 20.7%
to 54.6%; Figure 7) and heart block (36.2%; 95% CI: 28.3% to 44.9%;
Figure 8). In addition to ECG tests, echocardiography was performed
to evaluate cardiac dysfunction. Five studies [51,63,125,127,128,135]
reported echocardiography findings of cardiac abnormalities in 36.2%
of the patients (95% CI: 15.6% to 63.5%; Figure 9).
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weeks.

Event Rate and 95% CI for ECG Abnormalities

Study name Event rate and 95% ClI

Statistics for each study

Event Lower Upper
rate  limit limit p-Value
Steere [63] 0900 0676 0975 0.003 -
Lee [125] 0909 0.561 0987 0.028
Dung [127] 0985 0.799 0999 0.003
Trivedi [128] 0520 0.331 0.704 0.842
Kneen[129] 0.208 0.151 0.279  0.000 [ |
Costello [131] 0.068 0.040 0.111  0.000 |
Kole [132] 0600 0.501 0691 0.047
Samdani [137] 0.992 0.882 0.999  0.001
0684 0.388 0881 0.218

-1.00 -0.50 0.00 0.50 1.00
Not Observed Observed

Test for heterogeinity: 12 = 96.05%; p = 0.000

Figure 1. Forest Plot of Event Rate for ECG Abnormalities

Event Rate and 95% ClI for T-wave Inversion

Study name Event rate and 95% ClI

Statistics for each study
Event Lower Upper
Total rate limit limit p-Value
Fournier[51] 6/8 0.750 0.377 0.937 0.178
Dung[127] 14/32 0438 0279 0610 0481
Trivedi[128] 2/25 0.080 0.020 0.269 0.001

Kole[132] 54/100 0.540 0442 0635 0424
Karthik [135] 8/81 0.099 0.050 0.185 0.000 L
Samdani [137] 12/60 0.200 0.117 0.320  0.000 L3

0298 0.139 0527 0.082
-1.00 050 000 050 1.00

Not Observed Observed

Test for heterogeinity: 12 = 90.10%; p = 0.000
Figure 2. Forest Plot of Event Rate for T-Wave Inversion

The effect of treatment strategies (antibiotics or HF therapy) on
clinical outcomes such as symptom resolution, improvement of cardiac
function, hospitalization and deaths could not be established because
of either the lack of data or the lack of control or placebo patients
for comparison. However, deaths occurred in 14.3% of the patients
(95% CI: 4.7% to 36.0%; Figure 10). For alive patients, resolution of
symptoms of bacterial infection and improvement in cardiac function
occurred within one to three months after the commencement or the
completion of antibiotic therapy. Pooled analysis of HF therapy on BCM
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Event Rate and 95% Cl for ST/T-Wave Changes

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

Total rate  limit limit p-Value

Lee[125] 9/11 0818 0493 0954 0.054
Dung[127] 7/32 0219 0108 0393 0.003 | B
Kneen[129] 32/154 0.208 0.151 0.279  0.000 |
Salkade [130] 2/62 0.032 0.008 0.120 0.000
Karthik [135] 10/81 0.123 0.068 0.214  0.000 ||

0202 0.094 0383 0.003 <>

-1.00 -0.50 0.00 0.50 1.00
Not Observed Observed

Test for heterogeinity: 1°2 = 83.62; p = 0.000

Figure 3. Forest Plot of Event Rate for ST-T Wave Changes

Event Rate and 95% Cl for ST-Segment Elevation

Event rate and 95% Cl

T

-1.00 -0.50 0.00 0.50 1.00
Not Observed Observed

Statistics for each study

Event Lower Upper
Total rate Ilimit limit p-Value
Lee [125] 1/11 0091 0.013 0439 0.028
Fournier[51] 5/8 0.625 0.285 0875 0484
Kole[132] 8/100 0.080 0.041 0.152  0.000
Chin[134] 13/89 0.146 0.087 0.235 0.000
0.173 0.068 0376  0.004

Test for heterogeinity: 142 = 77.41%; p = 0.004

Figure 4. Forest Plot of Event Rate for ST-Segment Elevation

Event Rate and 95% Cl for ST-Segment Depression

Study name Statistics for each study Event rate and 95% ClI

Event Lower Upper
Total rate limit limit p-Value

Steere[63] 2/20 0.100 0.025 0.324 0.003
Trivedi[128] 4/25 0.160 0.061 0357  0.002
Samdani [137] 8/60 0.133 0.068 0.245  0.000

-0.50 -0.25 0.00 025 0.50

Not Observed Observed

Test for heterogeinity: 1*2 = 0.00%; p = 0.843

Figure 5. Forest Plot of Event Rate for ST-Segment Depression

Event Rate and 95% CI for Prolonged QT Interval

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
Total rate limit limit p-Value
Fournier[51] 2/8 0250 0.063 0.623 0.178
Dung[127] 19/32 0594 0419 0.747 0.292
Trivedi[128] 3/25 0.120 0.039 0.313  0.001 |
Kneen[129] 2/154 0.013 0.003 0.050 0.000
Salkade [130] 4/62 0.065 0.024 0.160 0.000
Chin [134] 2/89 0.022 0.006 0.085 0.000
0.098 0.021 0.353 0.007 &

-1.00 -0.50 0.00 0.50 1.00
Not Observed Observed

Test for heterogeinity: 12 = 91.56%; p = 0.000

Figure 6. Forest Plot of Event Rate for Prolonged QT-Interval

doi: 10.15761/TR.1000138
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Event Rate and 95% Cl for Sinus Tachycardia

Study name Statistics for each study_ Event rate and 95% Cl.
Event Lower Upper
Total rate limit limit p-Value
Steere[63] 10/20 0500 0.294 0.706 1.000
Fournier[51] 3/8 0375 0.125 0715 0484
Trivedi [128] 10/25 0400 0230 0597 0.321
Kneen[129] 3/154 0.019 0.006 0.059 0.000
Kole [132] 38/100 0.380 0.290 0479 0.017 =
Karthik [135] 38/81 0469 0.364 0578 0579
Samdani [137] 41/60 0.683 0.556 0.788 0.006 .

0.359 0.207 0.546 0.138
-1.00 -050 0.00 050 1.00
Not Observed Observed

Test for heterogeinity: 12 = 89.16%; p = 0.000

Figure 7. Forest Plot of Event Rate for Sinus Tachycardia

Event Rate and 95% Cl for Heart Block

Study name Statistics for each study Event rate and 95% Cl

Event Lower Upper
Total rate limit limit p-Value

Steere[63] 18/20 0.900 0.676 0.975 0.003 —
Dung[127] 30/32 0.938 0.782 0.984 0.000 —
Trivedi [128] 11/25 0.440 0263 0.634 0549
Kneen[129] 5/154 0.032 0.014 0.076  0.000
Salkade [130] 23/62 0.371 0.261 0497 0.045

0362 0.283 0449  0.002 L

-1.00 -0.50 0.00 0.50 1.00
Not Observed Observed

Test for heterogeinity: 12 = 95.54%; p = 0.000

Figure 8. Forest Plot of Event Rate for Heart Block

Event Rate and 96% ClI for Echocardiographic Abnormalities

Event rate and 95% Cl

)

-1.00 -0.50 0.00 0.50 1.00
Not Observed  Observed

Statistics for each study

Event Lower Upper
Total rate limit limit p-Value
Steere [63] 13/20 0650 0426 0823 0.187
Lee [125] 1/11 0091 0013 0439 0.028
Fournier[51] 3/8 0375 0.125 0.715 0484
Dung[127] 9/9 0950 0525 0997 0.042
Trivedi[128] 0/21 0.023 0.001 0.277 0.009
Karthik [135] 25/81 0.309 0218 0417  0.001
0.362 0.156 0635 0.321

Test for heterogeinity: 12 = 76.17%; p = 0.001

Figure 9. Forest Plot of Event Rate for Echocardiographic Abnormalities

Event Rate and 95% ClI for Deaths

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
Total rate limit limit p-Value

Lee [125] 6/11 0545 0268 0797 0763
Fournier [51] 2/8 0250 0063 0623 0.178
Dung [127] 25/32 0781 0607 0892 0003 -

Trivedi [128] 2/25 0080 0.020 0269 0.001
Kneen [129] 12/154 0.078 0.045 0.132 0.000

Kole [132] 5/100 0.050 0.021 0.115 0.000

Chin [134] 2/89 0022 0006 008 0.000

Melenotte [136] 58/2434 0.024 0.018 0.031  0.000

Samdani [137] 15/60 0.250 0.157 0.374  0.000 i
0.143 0.047 0.360 0.004 L

-1.00 -050 000 050 1.00

Favours Alive Favours Dead

Test for heterogeinity: 12 = 96.05%; p = 0.000

Figure 10. Forest Plot of Event Rate for Deaths
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patients could not be calculated because of the lack of data. Only one
study evaluated the effect of temporary cardiac pacemaker on survival
of children and adolescent patients with diphtheric myocarditis and
severe conduction abnormalities [127]. The study and reported 26%
survival in the pacemaker group compared to 0% in the group without
pacemaker (mean difference 26%; 95% CI: 9% to 42%). None of the
studies used cardiac magnetic resonance imaging on patient selection
nor assessed its utility in the diagnosis of cardiac dysfunction in patients
with bacterial infection and suspected cardiac involvement. Finally,
data on signs and symptoms could not be pooled because of wide
heterogeneity in clinical presentation associated with many several
causative bacterial pathogens the underlying primary disease.

Discussion

Infective MC is a clinical syndrome marked with myocardial
inflammation with heterogeneous aetiologies including viral, bacterial,
fungal and protozoal. Bacterial aetiologies are rare and potentially
reversible but if undiagnosed or left untreated, ongoing infection,
myocardial injury and adverse remodelling may lead to persistent
ventricular dysfunction, DCM, HF and death [1,34]. Current expert
consensus guidelines recommend diagnostic criteria of BCM should
include a combination of clinical presentation and/or non-invasive
evidence of abnormal cardiac function and/or structure are key criteria
in the diagnosis of BCM [7,99,101]. Similar to these recommendations,
the findings of the present meta-analysis indicate that clinical
presentation, ECG abnormalities, elevated cardiac biomarkers and
non-invasive evidence of cardiac dysfunction could be used to support
the diagnosis of BCM after serologic tests have confirmed the presence
of bacterial infection. The present meta-analysis finds that the most
common clinical manifestations in BCM patients are chest pain, a new-
onset or worsening dyspnoea, palpitations, unexplained arrhythmia
and unexplained cardiogenic shock. In addition to clinical presentation,
important diagnostic features include ECG abnormalities, elevated
cardiac biomarkers, and non-invasive evidence of cardiac dysfunction.
Finally, in the present findings, the use of HF and antibiotic therapy
appear to improve cardiac function and relieve symptoms but its effect
on hard clinical endpoints such as hospitalization and death were not
been evaluated due to the lack of sufficient data.

Clinical manifestation

Pooled analysis of clinical signs and symptoms of BCM patients
could not be calculated due to the lack of sufficient data provided
in individual studies. However, individual studies suggest clinical
manifestation is highly variable, ranging from asymptomatic febrile
illness and ECG abnormalities to HE, cardiogenic shock and death. In
addition, most of the cases of BCM were subclinical, suggesting patients
may infrequently seek medical attention during acute illness. Despite
the variability, the common signs and symptoms associated with BCM
were fever, chest-pain, dyspnoea, syncope, palpitations, unexplained
arrhythmias and unexplained cardiogenic shock. Although these signs
and symptoms are non-specific to bacterial MC or DCM, they are useful
in raising clinical suspicion to warrant additional diagnostic tests.

The present findings of the common signs and symptoms of BCM
are consistent with those reported in previous studies, reviews and
expert consensus on diagnosis and treatment of MC and DCM, which
include chest pain, dyspnoea, palpitations, fatigue, and decreased
exercise tolerance. These signs and symptoms are however non-specific,
partly attributed to the wide heterogeneity in causative bacterial
pathogens that may result into a wide spectrum of clinical presentation
[99,120]. In particular, chest pain is a common clinical presentation but
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non-specific because it may mimic typical angina [138]. Chest pain may
also be more typical in patients with pericarditis suggesting pericardial
involvement. The European Study of the Epidemiology and Treatment
of Cardiac Inflammatory Disease (ESET-CID), which enrolled 3,055
adult patients with suspected acute or chronic myocarditis, also
reported similar clinical presentation. Patients with acute or chronic
MC presented with dyspnoea (72%), chest pain (32%) and arrhythmias
(18%) while patients with fulminant MC typically presented with
severe HF symptoms, which may rapidly progressing into cardiogenic
shock [139].

Besides variable bacterial aetiologic agents, clinical presentation in
BCM patients may also vary with the age of onset of the disease, which
shows a bimodal age distribution in the general population. New-borns
and infants show infection that is more acute with severe symptoms.
Infants have non-specific symptoms such as anxiousness malaise, fever,
poor appetite, tachycardia, tachypnoea, and abdominal pain while
children > 2 years may exhibit chest pain, abdominal pain, cough and
oedema [140,141]. In contrast, older adults may present with symptoms
that are more subtle and insidious, often with DCM and HE Clinical
presentation shows disproportional gender imbalance, with a slight
preponderance in male patients. The male to female ratio is 1.5 to 1,
possibly related to a protective effect of the natural hormone variations
on immune responses in women. The variable clinical variation in
part may reflect variability in histological disease severity, which may
be focal or diffuse with the latter resulting in clinical manifestation of
acute DCM [140,141].

Electrocardiographic abnormalities

Cardiac involvement associated with bacterial infection may result
in conduction system (ECG) abnormalities due to acute inflammation
of the sinoatrial and atrioventricular nodes [137]. In patients with
subclinical disease, ECG abnormalities are usually transient and their
detection depends on the time of assessment. In the present meta-
analysis, ECG abnormalities occurred in 68.4% of BCM patients but the
rate was non-significant (p = 0.218). In particular, ECG abnormalities
include T-wave inversion, ST-segment elevation or depression and
prolonged QT interval. Sinus tachycardia and heart block were also
common ECG findings suggesting cardiac dysfunction. Consistent
with the present findings, previous studies report ECG abnormalities
are common in MC patients but with a low sensitivity (47%) with non-
specific T-wave being the most common [88]. A gradual increase in the
width of the QRS complex may suggest exacerbation of MC. Frequent
premature beats, supraventricular tachycardia and atrial fibrillation
may occur in BMC patients, which usually suggest poor prognosis, with
increased risk of death. Thus, serial ECG monitoring is important in the
management of BCM patients to detect potentially fatal arrhythmias
[34].

In BCM patients, ECG abnormalities are usually transient and
non-specific. In particular, ECG abnormalities observed in MC
patients such as ST-segment elevation, ST-segment depression, PR
depression and pathologic Q-waves may mimic ECG changes observed
in patients with acute myocardial infarction or pericarditis [142,143].
Other common ECG changes include a new-onset supraventricular
or ventricular arrhythmias, which have been shown to occur in up to
55% of patients referred to hospitals with MC or DCM [144]. These
tachyarrhythmias are usually non-sustained and rarely result in
hemodynamic compromise. ECG abnormalities such as abnormal QRS
complexes, northwest axis deviation or new left bundle branch block
has been associated with unfavourable prognosis including higher rates
of death or heart transplantation [90,88,145,146]. These ECG changes
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could be due to pathologic effect of acute coronary arteritis on the main
branches of the coronary arteries. An earlier autopsy series revealed the
involvement of the heart and main vessels during the septicaemia phase
of bacterial infection and bacterial dissemination, toxins, enzymes and/
or antigenic products liberated by bacterial lysis may account for the
observed conduction abnormalities [145,146].

Evidence of cardiac dysfunction

Non-invasive evidence of cardiac dysfunction is one of the key
diagnostic criteria for BCM besides clinical presentation and ECG
abnormalities. Although current guidelines recommend cardiac MRI
for non-invasive assessment for cardiac function, the present meta-
analysis finds the utility of echocardiography in the diagnosis of BCM
is common and detects cardiac abnormalities in 36.2% of the patients.
In HF patients, echocardiography is a widespread and useful for
evaluating cardiac chamber sizes, wall thickness, systolic and diastolic
functions as well as the presence of intracavity thrombi [120]. However,
in patients with CM and biopsy proven MC, echocardiography lacks
pathognomonic diagnostic features to confirm diagnosis [147]. LV
systolic dysfunction is common but RV dysfunction is relatively
uncommon although clinically important since it is an independent
predictor of death or the need for cardiac transplantation in CM patients
with biopsy proven MC [148,149]. Segmental or global wall motion
abnormalities are common in BCM patients but are non-specific
since they mimic myocardial infarction [150]. Patients with fulminant
MC tend to present with small cardiac chambers and thickened walls
while those with acute MC have marked LV dilation and normal wall
thickness [91]. Despite the present findings supporting the use of
echocardiography, diagnostic accuracy of cardiac MRI has been shown
to be comparable to endomyocardial biopsy [100].

Heart failure and antibiotic therapy

The safety and efficacy of pharmacological therapy in viral MC
has been demonstrated in experimental animal models but has not
been validated in humans and in patients with BCM. Similarly, the
present analysis did not evaluate the safety and efficacy of the standard
HEF therapy on BCM patients because of the lack of data in individual
studies. In experimental murine models of infective viral MC and
DCM suggest ACE-I and ARBs, and beta-blockers can prevent or
even reverse maladaptive cardiac remodelling as well as reduce HF
hospitalization and increased survival [103,104,107-109]. However, the
effect on HF therapy on BCM in both animals and humans. Device
therapy for HF in BCM patients has also not been evaluated although
the use of temporary pacemaker has been suggested to improved
survival in BCM patients with severe conduction abnormalities when
compared to patients without pacemaker (mean difference: 26%; 95%
CI, 9% to 42%) [127]. On the other hand, five studies included in the
present meta-analysis suggested positive effect of antibiotic therapy on
reducing the concentration of bacteria and improving cardiac function
[51,129,131,132,137]. Antibiotic therapy (doxycycline, furosemide,
benzyl penicillin, isoproterenol, prednisone, furosemide, atropine or
erythromycin) appeared to be both safe and effective in minimizing
or eliminating bacteria with concomitant benefits of improvement in
cardiac function and resolution of symptoms within 1 to 3 months.
While 14.3% of deaths were reported, the number included all study
patients including those who received or did not receive antibiotics, or
received antibiotics in addition to HF therapy.

Limitations

Several issues may impair the applicability of the present results
to the general population. The included studies revealed difficulties
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in obtaining well-defined study populations. Incidences of BCM are
rare, which create difficulties in identifying appropriate and sufficient
prospective patient samples. The included studies enrolled patients
with evidence of bacterial infection with or without evidence of cardiac
involvement as well as patients with BCM while two were autopsy
series. In addition, echocardiography was not performed in all the
enrolled patients to confirm cardiac dysfunction, and in patients whom
echocardiography was performed, the evidence is non-specific to BCM
resulting in the risk of inclusion of patients without BCM. Findings
from the present results should also be interpreted with caution due
to significant clinical heterogeneity between studies regarding patient
population, diagnostic methods used, and antibiotics used. In addition,
the enrolled patients consisted of children and adults, which may affect
the findings since BMC shows bimodal age distribution in the general
population. Data was also insufficient to determine the effect of sex on
clinical presentation and outcomes. Finally, the design of the included
studies were observation cohort and case series, which increases the
possibility of confounding and selection bias during patient enrolment.
Selection bias may have been compounded by insufficient description
of patients lost to follow-up or died.

Implication for practice and research

BCM is a potentially life-threatening disease, which primarily
affects children and young adults with sometimes devastating
consequences including chronic HF and death. Although much
progress has been made over recent years in the diagnosis and treatment
of BCM, numerous questions remain indicating the need for further
investigation. Serological tests (and sometimes endomyocardial biopsy)
are important tests for the diagnosis of the causative bacterial pathogen
in patients with a primary bacterial infection and disease. In the setting
of bacteraemia and sepsis, signs and symptoms of chest pain, dyspnoea,
palpitation, syncope and/or arrhythmias raise the clinical suspicion of
cardiac involvement and suspicion for infective MC or DCM.

The presence of ECG abnormalities, elevated levels of cardiac
biomarkers (creatinine kinase and troponin), and non-invasive
evidence of cardiac dysfunction support the diagnosis of BCM. Non-
invasive imaging techniques for confirming the diagnosis of BCM
including cardiac MRI are promising in viral CM but require additional
validation in BCM patients including the assessment of myocardial
abscesses. Creatinine kinase and troponin are useful biomarkers for
diagnosis of BMC but are non-specific. Thus, the identification of novel
biomarkers for cardiac inflammation in peripheral blood, analysis
of messenger RNA and specific proteins is ongoing [188]. If serum
biomarkers with high sensitivity and specificity can be developed
as a non-invasive diagnostic method, the use of EMB will decrease.
Research on pathophysiology of BCM in humans including cellular
processes contributing to myocardial injury remains limited although
additional research efforts may lead to novel treatment strategies with
pathway specific targets.

Finally, the widespread use of antibiotic therapy and vaccination
for bacterial infections has resulted in significant reduction in the
incidences of MC and DCM secondary to bacterial infection. Given
the low incidence of MC and DCM and the cost of developing novel
therapies, it may be doubtful that novel therapies to combat BCM will
be developed in the near future. Nevertheless, the effect of conventional
HF medication and antibiotic therapy in patients with viral CM and
DCM appear to improve cardiac function and relieve symptoms but
validation is required for BCM patients including outcomes in hard
clinical endpoints of hospitalization, HF and death. Large multi-centre
trials are required to ensure sufficient number of end-points as well as
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try to confirm the current promising results from observational studies
and case series.

Conclusion

Primary bacterial infection of the myocardium is a devastating
complication of bacteraemia and sepsis, and an uncommon cause of
myocarditis (MC) and its sequela bacterial cardiomyopathy (BCM).
Infection by a broad range of bacterial pathogens may cause BCM but
Staphylococcus aureus is the most common aetiological agent. Others
include streptococcus, meningococcus, salmonella, haemophilus
influenzae, corynebacterium diphtheria, mycoplasma pneumoniae,
gonococcus, brucella and mycobacterium. Rickettsia and spirochaetal
are also known bacterial causes of BCM. The exact pathophysiological
mechanisms and sequence remains unknown although multi-focal
abscesses in the myocardium and extra cardiac organs (lungs, adrenal
glands, thyroid glands and parietal pericardium) in the presence of
bacteraemia and sepsis, with or without co-existing infective pericarditis
are common pathophysiological features. Clinical presentation varies
widely from subclinical disease to fulminant HF but often dominated by
symptoms and signs of overwhelming infection or by manifestations of
cardiac involvement. The current criteria for diagnosis is a combination
of clinical presentation, ECG abnormalities, and/or non-invasive
evidence of cardiac dysfunction. Serological tests and endomyocardial
biopsy are useful for diagnosis of the causative bacterial pathogen,
while elevated serum levels of cardiac biomarkers support diagnosis.
Recommended therapies include conventional HF therapy to treat
cardiac dysfunction; antiarrhythmic drugs to treat arrhythmias; and/
or antibiotic therapy to treat bacterial infection are common therapy.
However, the current diagnostic and treatment methods largely rely on
the evidence from patients with viral cardiomyopathy, which warrants
additional studies to confirm their clinical value in patients with BCM.
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