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Objectives: We aimed to describe the clinical, microbiological, and imaging characteristics of patients
with infective endocarditis (IE) in studies from Latin America (LATAM).

Methods: A systematic search through PubMed, EMBASE, LILACS, and SciELO from inception until Febru-
ary 2021 was conducted. We included observational studies that assessed adults with IE from LATAM and
reported data on clinical, microbiological, or imaging characteristics. Data were independently extracted
by 2 authors and the risk of bias was evaluated by study design with its respective tool. Findings were
summarized using descriptive statistics.

Results: Forty-four studies were included. Most cases were male (68.5%), had a predisposing condition
including valve disease (24.3%), or had a prosthetic valve (23.4%). Clinical manifestations included fever
(83.9%), malaise (63.2%), or heart murmur (57.7%). A total of 36.4% and 27.1% developed heart failure

or embolism, respectively. Blood cultures were negative in 23.9% and S. aureus (18.6%) and the viridans
group streptococci (17.8%) were the most common isolates. Most cases were native valve IE (67.3%) af-
fecting mainly left-sided valves. Echocardiographic findings included vegetations (84.3%) and regurgitation
(75.9%). In-hospital mortality was 25.1%.
Conclusions: This is the first systematic review that evaluated the characteristics of IE in LATAM patients.
A lack of multicenter studies reflects the need for these studies in LATAM.

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. INTRODUCTION

Infective endocarditis (IE) is a life-threatening disease result-
ing from an infection of the endocardial lining of the heart, pros-
thetic valve, or indwelling cardiac device (Holland et al., 2016
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Hubers et al., 2020). The incidence of IE has been increasing world-
wide in the last decades. The Global Burden of Disease Study
estimated 1.09 million incident IE cases in 2019 with an age-
standardized rate of 13.8 per 100,000 persons compared with a
9.9 rate in 1990 (Roth et al., 2020 Yang et al., 2021;). In 2019, the
highest incidence rates were seen in tropical and southern Latin
America (Yang et al., 2021). Furthermore, mortality rates have also
risen throughout the mentioned period, ranging from 0.7 to 0.9 per
100,000 (Roth et al., 2020). Notably, southern Latin America, Ocea-
nia, and high-income North America were the regions with higher
mortality rates in 2019 (Yang et al.,, 2021).
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IE diagnosis is challenging due to its various clinical presen-
tations. It requires early clinical suspicion in combination with
the use of echocardiography and microbiological testing such as
blood cultures (Habib et al., 2015 Hoen and Duval, 2013;). As for
incidence and mortality rates, other epidemiological characteris-
tics such as predisposing factors and causative microorganisms dif-
fer among world regions (Roth et al., 2020 Vogkou et al., 2016;
Yew and Murdoch, 2012;). Predisposing factors vary across coun-
tries. For instance, rheumatic heart disease (RHD) is still present in
developing nations, whereas other risk factors such as degenera-
tive heart disease or intravenous drug use (IVDU) are less common
compared with developed countries (Yew and Murdoch, 2012).
Slipczuk et al. reported different trends in etiological agents among
continents in a systematic review including studies from five
decades (1960s to 2000s). For example, cases of Staphylococcus au-
reus increased and the viridans group streptococci (VGS) decreased
significantly in North America, whereas no differences were found
in Latin America (LATAM) throughout the decades (Slipczuk et al.,
2013). In addition, Vogkou et al. described a predominant pres-
ence of S. aureus in most continents, whereas the subsequent mi-
crobes varied among them in studies published from 2003 to 2013
(Vogkou et al., 2016).

Recently, systematic reviews on IE trends during the last cen-
tury in North America and Europe were published, identifying a
stable incidence in North America and a preoccupying increas-
ing trend in Europe (Talha et al., 2021a, 2021b). In LATAM, syn-
thesized data regarding the characteristics and trends of IE are
scarce. Considering the possible differences among regions, the rel-
evance of accurate characterization of the population with IE and
the high incidence and mortality estimates in LATAM, we aimed
to describe the clinical, microbiological, and echocardiographic
characteristics of adult patients diagnosed with IE from this
region.

2. METHODS

This systematic review is reported following the preferred re-
porting items for systematic reviews and meta-analysis (PRISMA)
guidelines (Page et al., 2021). The protocol was registered on PROS-
PERO (CRD42021239602) (Urina-Jassir et al., 2021).

2.1. Information sources and search strategy

We conducted a comprehensive search in PubMed, EM-
BASE, LILACS, and SciELO from inception through February 26,
2021, without language restriction. We included a combination
of keywords related to endocarditis and LATAM for PubMed
and EMBASE. For LILACS and SciELO (LATAM databases), only
endocarditis-related terms were applied (full search string avail-
able in Supplementary Table S1-S4). We supplemented our search
by examining the reference lists from articles accessed in full
text.

2.2. Inclusion and exclusion criteria

We considered eligible observational studies (cross-sectional,
cohort, case-control, and case series [>5 participants]) that eval-
uated adult patients (>18 years) with IE from LATAM countries.
Studies reporting data on clinical (symptoms/signs, manifestations,
risk factors), microbiological (blood cultures, microorganisms), or
imaging characteristics were included. We excluded case reports (<
4 participants), review articles, systematic reviews/meta-analyses,
trials, and abstracts. Studies reporting data exclusively on one sub-
set of IE (i.e., data exclusive to one microorganism or a unique con-
dition) were also excluded to avoid bias. International studies in-
cluding participants from other world regions besides LATAM were
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excluded if variables were not divided by countries or regions.
In case of repeated or overlapping data, we included the most
comprehensive report. Articles including both participants <18 and
>18 years were excluded unless the study divided them by individ-
uals or groups whose age was >18 years (only data from the latter
were extracted). Finally, studies not specifying the adult population
and without age range, mean age (SD), or median age (IQR) were
excluded.

2.3. Selection process

Two reviewers (MU] and MAJR) independently screened the
records by title, abstract, and subsequently full text for eligibility
using the web application Rayyan (Ouzzani et al., 2016). Disagree-
ments were resolved by consensus or by a third author (SMV).

2.4. Data collection process and items

Two authors (MU] and MAJR) independently extracted the data
of included reports into an extraction form (Google spreadsheet)
with pre-specified criteria. Disagreements were resolved as stated
previously. When available, the following was extracted from each
study: (1) general information (author, reference year, study pe-
riod, country, study design, and objectives); (2) characteristics of
the population (total number, gender, and age); (3) clinical char-
acteristics (risk factors, comorbidities, symptoms/signs, manifesta-
tions, and nosocomial IE); (4) use of Duke criteria (Durack et al.,
1994 Li et al., 2000;) for diagnosis; (5) microbiological characteris-
tics (blood cultures, microbes, resistance patterns, and other mi-
crobiological tests); (6) echocardiographic characteristics (modal-
ity, type of IE, location, and diagnostic findings); and (7) outcomes
(surgery and mortality). We extracted the frequency and percent-
age for items (2) through (7).

2.5. Study risk of bias assessment

The risk of bias was independently assessed by two reviewers
and disagreements were resolved by a third one. The tools varied
depending on the study design: cohort studies (Newcastle-Ottawa
Scale [NOS] (Wells et al., 2021), cross-sectional studies (AXIS Crit-
ical Appraisal Tool for Cross-Sectional Studies (Downes et al.,
2016)), and case series (Institute of Health Economics [IHE] Qual-
ity Appraisal Checklist for Case Series Studies (Institute of Health
Economics (IHE), 2014)). For the NOS, a score from 0 to 9 stars
was awarded. For the AXIS tool and IHE checklist, a score from
0 to 20 was given (a point for every positive aspect and in the
HE, a half-point for “partial” aspects). For all of them, the higher
the score obtained, the lower the risk of bias. We did not exclude
manuscripts based on quality.

2.6. Synthesis methods

Descriptive statistics were used to summarize the findings. For
categorical variables, frequencies and percentages were reported.
Clinical and echocardiographic variables were calculated as the
sum of participants with each variable out of the total number
of cases from the studies reporting the variable. Microbiological
variables were calculated as the sum of participants with each
variable out of the total number of blood cultures reported. Ta-
bles are presented as n/N with the number of studies reporting
each variable. Studies were divided by decades (those with over-
lapping years were assigned to the decade with most years as-
sessed) according to their study period. No additional statistical
tests were performed, as the number of cases/studies were dis-
similar (1970s-1980s: 6 studies, 163 cases; 1990s: 7 studies, 461
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Figure 1. PRISMA (Page et al.,, 2021) flow diagram for study selection

cases; 2000s: 13 studies, 1834 cases; and 2010s: 18 studies, 1807
cases).

3. RESULTS
3.1. Study selection

Our search yielded a total of 4451 records. After duplicates re-
moval, 3325 records were screened by title and abstracts resulting
in 226 reports sought for retrieval. Forty-four reports fulfilled the
inclusion criteria in addition to one further report from the refer-
ence list review for a total of 45 reports. One study comprised 2
reports, but both were included as one reported data on clinical
and imaging characteristics (Casabe et al., 1996b) and the other
reported data on microorganisms and further clinical manifesta-
tions (Casabe et al., 1996a). We treated this study as one through-
out the review, leading to 44 studies (Allende Gonzalez et al.,
2020 Avellana et al., 2018; Bahamondes et al., 2008; Bezerra et al.,
2020; Burgos et al., 2019; Casabe et al., 1996b; Corral et al., 1993;
Cremona et al., 2007; Damasco et al.,, 2014; Ediap et al., 2017;
Ferreiros et al., 2006; Flores et al., 2017; Fragomeni et al., 2003;
Franquiz Cuéllar and Alvarez Ozambela, 1986; Holanda et al., 2015;
Jacob Filho et al., 1988; Jauregui Camargo et al., 1997; Kaiser et al.,
1984; Leyva Quert et al., 2009; Marino et al., 2014; Merello et al.,
2019; Monteiro et al.,, 2017; Murdoch et al.,, 2009; Negrin Ex-
posito et al.,, 2003; Nieto et al., 1985; Olaya-Sanchez et al., 2019;
de Oliveira et al., 2018; Ortiz et al., 1983; Oyonarte G et al., 2003;
Pérez Zerpa et al., 2020; Pinheiro et al., 2018; Pivatto Janior et al.,
2020; Popilovsky et al., 2014; Ris et al., 2019; Romero Flecha
and Aveiro Figueredo, 2020; Saito et al., 2014; Siciliano et al.,
2014a;, 2014b Stockins et al., 2012; Tagliari et al., 2020; Vega-
Sanchez et al., 2016; Velasquez et al., 2018; Wouters et al., 1991;
Zalaquett S et al., 2004;) Figure 1. presents a flow diagram for
the study selection. Citations that seemed to fulfill inclusion cri-
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teria but were excluded can be accessed in Supplementary Table
S5 with the reason for exclusion.

3.2. Geographical distribution of included studies

Figure 2 represents the total number of included studies and
cases by country. A summary of the studies’ characteristics and a
table with individual study’s data can be accessed in Supplemen-
tary Material Table S6.

3.3. Risk of bias in studies

The quality/risk of bias for each study can be reviewed in Sup-
plementary Table S7-9. For the cross-sectional studies, the scores
ranged from 13 to 20. The most common missing factors were re-
lated to the sample size justification and non-responders. The NOS
score for cohort studies ranged from five to nine stars; those with
lower scores were due to issues in the “Comparability” section of
the scale. Finally, the score for the case series ranged from 8 to 17;
the lack of a prospective design and single-center case series were
the two most frequent negative factors.

3.4. Clinical characteristics

3.4.1. Demographic characteristics, predisposing factors, and
comorbidities of cases with IE

Overall and through all the decades, IE affected predominantly
males (43 studies, n: 2851/4160; 68.5%). The most common car-
diovascular risk factors were having a history of heart valve dis-
ease (24.3%) followed by the presence of a prosthetic cardiac valve
(23.4%). By decades, valve disease was the most frequent predis-
posing factor in the 1970-80s, 1990s, and 2010s, whereas a pros-
thetic valve was the most common in the 2000s. Prior IE was
found in 8.8% of cases among 15 studies, with most of them being
from the 2000s (7 studies, 8.7%) and 2010s (6 studies, 8.9%). RHD
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Figure 2. Geographical distribution (by country) of included studies (Figure created with MapChart®© [https://mapchart.net/])
The number of included studies and cases per country is presented. One study (Murdoch et al., 2009) is not represented, as it includes “South America” as a region, including
cases from Argentina, Brazil, and Chile. Abbreviations: AR: Argentina, BR: Brazil, CL: Chile, CO: Colombia, CU: Cuba, MX: Mexico, PA: Panama, PE: Peru, PY: Paraguay, UY:

Uruguay.

frequency through the decades ranged from 7.5% to 16.5% (1970s-
80s to 2010s). Hypertension (38.1%) and diabetes mellitus (15.8%)
were the most frequent comorbidities. Only few studies reported
healthcare-related situations associated with IE, such as previous
surgical or endoscopic procedures (21.9%), indwelling catheter or
devices (20.9%), and previous dental procedures (5.6%) were re-
ported. IVDU overall frequency was 4.0% (15 studies), whereas
13.6% (3 studies) was seen in 1990s, 2.1% (6 studies) in 2000s, and
1.9% (5 studies) in 2010s (Table 1 and Supplementary Table S10 for
decades).
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3.4.2. Clinical manifestations of cases with IE

The most common clinical manifestation of IE was fever
(83.9%), followed by malaise (63.2%) and the presence of a
heart murmur (57.7%). Roughly more than one-third (36.4%) and
one-fourth (27.1%) of the cases developed heart failure or suf-
fered an embolic event, respectively. Furthermore, septic shock
was reported in 12.1% of the cases from 6 of the included
studies and immunological phenomena in 11.1% of the cases
from 11 studies. Further clinical manifestations are presented in
Table 2.
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Table 1
Predisposing factors and comorbidities of cases with infective endocarditis in Latin
America

Variable Studies®  n/NP (%)
Predisposing factors

Previous valve disease® 21 451/1853 (24.3)
Prosthetic valve 26 603/2573 (23.4)
Previous RHD 20 269/2005 (13.4)
Congenital heart disease? 24 289/2964 (9.8)
Previous IE 15 233/2647 (8.8)
Previous heart failure 8 272/1178 (23.1)
IV drug use 15 79/1981 (4.0)
Indwelling catheter or device® 14 264/1261 (20.9)
Previous surgical or endoscopic procedure 12 326/1491 (21.9)

Previous dental procedure 9
Comorbidities

48/856 (5.6)

Diabetes mellitus 22 489/3090 (15.8)
Hypertension 12 462/1212 (38.1)
CKD 17 355/2295 (15.5)
Dialysis 13 112/1149 (9.8)
HIV 4 10/374 (2.7)
Immunosuppression or autoimmune disorder’ 5 26/270 (9.6)
Neoplasia/Cancer 7 95/913 (10.4)

3 Number of studies reporting each variable.

b 1 is the total number of cases with that variable, N is the total number of cases
of the studies reporting that variable.

¢ Includes: degenerative valve disease, mitral valve prolapses, aortic sclerosis, any
valve stenosis or regurgitation, non-rheumatic valve disease, previous valve disease
(when reported as a distinct group from congenital or rheumatic heart disease), and
previous valve dysfunction.

4 Includes: bicuspid aortic valve, congenital pulmonary stenosis, ventricular sep-
tal defect, atrial septal defect, tetralogy of Fallot, Valsalva sinus aneurysm, myxo-
matosis, congenital aortic stenosis, congenital mitral regurgitation, and “congenital”
as a group.

¢ Includes: central venous catheters, pacemakers, “catheters”, and unspecified in-
tracardiac devices.

 Includes: solid organ transplant, autoimmune disease, connective tissue dis-
ease, rheumatoid arthritis, steroids, and immunosuppression.Abbreviations: CKD:
Chronic Kidney Disease; HIV: Human Immunodeficiency Virus; IE: Infective Endo-
carditis; RHD: Rheumatic Heart Disease

Table 2
Clinical manifestations of cases with infective endocarditis in Latin Amer-
ica

Variable Studies®  n/N (%)°
Fever 22 2109/2513 (83.9)
Dyspnea 5 303/820 (37.0)
Heart failure 28 1108/3047 (36.4)
Malaise 7 312/494 (63.2)
Heart murmur 14 1119/1940 (57.7)
Immunological phenomena 11 206/1851 (11.1)
Osler’s nodes 8 59/1536 (3.8)
Roth’s spots 5 46/1296 (3.6)
Positive RF 4 23/583 (4.0)
GMN 2 60/297 (20.2)
Vascular phenomena 34 1076/3559 (30.2)
Embolism 33 944/3483 (27.1)
Mycotic aneurysm 7 46/1433 (3.2)
Janeway’s lesions 7 44/1170 (3.8)
Conjunctival hemorrhages 4 22/315 (7.0)
Hemorrhagic stroke 2 6/119 (5.0)
Other manifestations
Ungueal or splinter hemorrhages 6 84/987 (8.5)
Sepsis 7 315/793 (39.7)
Severe sepsis 3 182/1017 (17.9)
Septic shock 6 122/1005 (12.1)
Splenomegaly 8 279/1137 (24.5)
Petechiae 7 291/1400 (20.8)
Hepatomegaly 4 223/783 (28.5)

2 Number of studies reporting each variable.

b n is the total number of cases with that variable, N is the total num-
ber of cases of the studies reporting that variable.Abbreviations: GMN:
Glomerulonephritis; RF: Rheumatoid factor.
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3.4.3. Nosocomial or healthcare-associated IE

Frequencies on nosocomial or healthcare-associated IE could be
extracted from six studies. The terms and definitions varied among
reports. Nieto et al. and Corral et al. reported nosocomial IE in
three cases each (16.7% and 13.6%, respectively) in the 1970s-80s
and the 1990s, respectively (Corral et al., 1993 Nieto et al., 1985;).
In the 2000s, Marino et al. described that 70% were nosocomial
IE, whereas Monteiro et al. reported rates for hospital-acquired
IE (29.4%) and healthcare-associated IE (5.1%) (Marino et al., 2014
Monteiro et al., 2017;). Two studies were in the 2010s and showed
healthcare-acquired IE in 56.3% (Damasco et al., 2014) and nosoco-
mial IE in 9% (Tagliari et al., 2020), respectively.

3.4.4. Duke diagnostic criteria among included studies

From the studies conducted after 1994 (Duke criteria inception
(Durack et al., 1994)), 83.8% (n: 31/37) described the use of Duke
(Durack et al., 1994) or modified Duke criteria (Li et al., 2000).
From the studies conducted before 1994, two out of seven studies
used the Von Reyn criteria (von Reyn et al., 1981), whereas the re-
maining studies defined IE diagnosis based on anatomical diagno-
sis or a mixture of clinical, blood cultures, and echocardiographic
findings.

3.5. Microbiological characteristics

3.5.1. Blood cultures and isolates among cases with IE

A total of 4032 blood cultures were performed among 41 stud-
ies. Blood cultures were positive in 76.1%. The proportion of blood
culture-negative IE (BCNIE) was 14.2% (6 studies), 26.1% (7 stud-
ies), 25.1% (12 studies), and 23.1% (16 studies) in the 1970s-80s,
1990s, 2000s, and 2010s, respectively. When considering genera,
Staphylococcus and Streptococcus were the most common isolates
(27.3% and 26.7%, respectively). The two predominant species were
Staphylococcus aureus and VGS with 18.6% and 17.8% of the isolates,
respectively. VGS was the most prevailing microorganism in the
1970s-80s, 1990s, and 2000s, whereas S. aureus in the 2010s. Over-
all, and in each decade, Enterococcus spp. was the third most com-
mon etiology. Other isolates included coagulase-negative Staphylo-
coccus (CoNS) (7.9%) and Streptococcus gallolyticus (2.9%). The re-
maining isolates are presented in Table 3 and Supplementary Table
10.

3.5.2. Resistance patterns for S. aureus

Eight studies described the resistance patterns of S. aureus.
Overall, methicillin-resistant S. aureus (MRSA) was found in 19.6%
(n: 18/92) of the S. aureus isolates. Five of the studies reporting
MRSA were from the 2010s (Corral et al., 1993 Damasco et al.,
2014; Ediap et al., 2017; Flores et al., 2017; Marino et al., 2014;
Merello et al., 2019; Olaya-Sanchez et al., 2019; Velasquez et al.,
2018;).

3.5.3. Other microbiological testing

Only two studies reported data on additional microbiological
testing (Murdoch et al., 2009 Siciliano et al., 2014b;). Murdoch
et al. reported serologic testing for Coxiella burnetii and Bartonella
(positive in 1 patient each) (Murdoch et al., 2009). Siciliano et al.
described the use of indirect immunofluorescence assays for Cox-
iella burnetii and Bartonella (positive in 4 and 10 cases, respec-
tively) (Siciliano et al., 2014b).

3.6. Echocardiographic characteristics

Few studies reported the frequency for echocardiographic
modality. From those that reported, a transthoracic echocardiogram
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Table 3
Microbiological findings of cases with infective endo-
carditis in Latin America

Variable n (%)
Total blood cultures 4032
Number of studies? 41
Positive 3067 (76.1)
Negative 965 (23.9)
Microorganisms
Staphylococcus spp. 1102 (27.3)
Staphylococcus aureus 750 (18.6)
CoNS 319 (7.9)
Streptococcus spp. 1075 (26.7)
VGS 718 (17.8)
Streptococcus gallolyticus (bovis) 116 (2.9)
Enterococcus spp. 374 (9.3)
HACEK 57(1.4)
Gram negative® 112(2.8)
Fungal® 51(1.3)
Candida spp. 28(0.7)
Polymicrobial 26(0.6)
Others/unspecified? 74(1.8)

2 From the 42 studies reporting at least one micro-
biological variable, one study (Popilovsky et al., 2014)
was excluded from the pooled analysis as no data
for total blood cultures or positive-negative blood cul-
tures could be extracted.

b Includes:

Pseudomonas spp, Klebsiella spp,
E. coli, Proteus mirabilis, Serratia marcescens,
Stenotrophomonas maltophila, Enterobacter spp,

Pasteurella spp, Acinetobacter spp, Citrobacter spp,
Flavobacterium spp, Brevundimoas spp, Salmonella
spp, Bacteroides spp, and “Gram Negatives.”

¢ Includes: Candida spp, Aspergillus spp, Histo-
plasma spp.

d Reported as others or unspecified in origi-
nal studies.Abbreviations: CoNS: Coagulase negative
staphylococci; HACEK: Haemophilus spp., Aggregatibac-
ter spp., Cardiobacterium hominis, Ekinella corrodens,
and Kingella spp.; VGS: viridans group streptococci.

(TTE) was performed in 95.2%, whereas transesophageal echocar-
diogram (TEE) in 59.6%. Among patients with available data, na-
tive and prosthetic IE occurred in 67.3% and 26.6% of cases, respec-
tively. Native valve IE was the most common type in each decade.
On the other hand, prosthetic IE was described in 10.1% (4 stud-
ies) in the 1990s and in 31.3% (11 studies) in the 2010s. Irrespec-
tive of the type of IE, the most frequent locations were aortic and
mitral valves. An infected pacemaker or intracardiac device was re-
ported in 11 studies with a frequency of 9.8%. The main echocar-
diographic findings were vegetations (84.3%) and valve regurgita-
tion (75.9%). Some IE complications observed in echocardiography
were abscesses (12.7%), valvular apparatus rupture or perforation
(11.8%), and dehiscence of the prosthetic valve Table 4. summarizes
the echocardiographic characteristics. None of the studies reported
data on other imaging techniques for IE diagnosis such as cardiac
computed tomography (CCT), magnetic resonance imaging (MRI),
or 8F-fluorodeoxyglucose (FDG) PET/CT.

3.7. Surgery and mortality among cases with IE

Ten reports were based on solely surgical cases which were ex-
cluded from the pooled analysis. From the non-surgical-exclusive
reports, the frequency of surgery was 41.8% (26 studies, n:
1224/2931). The proportion of cases needing surgery was 25.9% (3
studies, n: 28/108), 26.4% (3 studies, n: 23/87), 43.9% (10 studies,
n: 621/1415), and 41.8% (10 studies, n: 552/1321) for the 1970s-80s,
1990s, 2000s, and 2010s, respectively.

Most of the studies reported in-hospital mortality and only
seven studies reported late mortality. In-hospital mortality was
251% (n: 1027/4095; 37 studies), whereas overall mortality (in-
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Table 4
Echocardiographic characteristics of cases with infective endocarditis in Latin
America

Variable Studies®  n/NP (%)
Echocardiogram modality
TTE 12 1478/1552 (95.2)
TEE 10 925/1553 (59.6)
Type of IE
Native valve IE 27 22743378 (67.3)
Prosthetic valve IE 24 857/3219 (26.6)
Device related IE © 11 132/1344 (9.8)
Native + prosthetic IE 1 2/136 (1.5)
Location of IE
Native
Aortic 19 575/2050 (28.1)
Mitral 19 564/2092 (27.0)
Tricuspid 15 123/1928 (6.4)
Pulmonary 6 13/1555 (0.8)
Mitral + aortic 10 117/1489 (7.9)
Other combined 3 6/113 (5.3)
Prosthetic
Aortic 9 171/1272 (13.4)
Mitral 9 110/1230 (8.9)
Tricuspid 3 2/900 (0.2)
Pulmonary 3 4/927 (0.4)
Mitral + aortic 5 19/1095 (1.7)
Non-specified ¢
Aortic 11 519/1223 (42.4)
Mitral 11 475/1223 (38.8)
Tricuspid 8 100/1080 (9.3)
Pulmonary 3 8/582 (1.4)
Mitral + aortic 6 62/568 (10.9)
Other combined valves 1 6/71 (8.5)
Unidentified/other location 9 63/777 (8.1)
Echocardiographic findings
Vegetation 25 2333/2767 (84.3)
Valvular regurgitation 11 1050/1383 (75.9)
Abscess 18 332/2614 (12.7)
Valvular apparatus rupture or perforation 9 168/1426 (11.8)
Dehiscence of prosthetic valve 5 44/1112 (4.0)

3 Number of studies reporting each variable.

b n is the total number of cases with that variable, N is the total number of
cases of the studies reporting that variable.

¢ Pacemaker or intracardiac device.

d Either prosthetic or native infective endocarditis (location not divided by
type of IE in original study).Abbreviations: IE: Infective endocarditis; TTE:
Transthoracic Echocardiogram; TEE: Transesophageal Echocardiogram.

cluding late mortality and those where timeframe was not spec-
ified) was 26.6%. In-hospital mortality frequencies through decades
were 29.3% (1970s-80s; 3 studies, n: 31/106), 24.2% (1990s; 6 stud-
ies, n: 104/429), 23.6% (2000s; 12 studies, n: 421/1781), and 26.5%
(2010s; 16 studies, n: 471/1779).

4. DISCUSSION

To the best of our knowledge, this is the first systematic
review integrating the clinical, microbiological, and echocardio-
graphic characteristics of patients with IE from LATAM countries.
Forty-four observational studies, mostly from Argentina, Brazil,
and Chile, were identified, retrieving crucial data on this life-
threatening disease.

4.1. Clinical characteristics

Among Latin American patients, IE had a male predominance,
which is consistent with national and multinational studies from
other regions (Cecchi et al., 2015 Habib et al., 2019; Mufioz et al.,
2015; Selton-Suty et al., 2012;). Regarding predisposing factors, not
all studies reported data on each of them; for instance, 21 stud-
ies provided data on valve disease. Overall, we identified a high
proportion of cases with predisposing heart conditions, mainly na-
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tive valvular heart disease (24.3%), prosthetic valve (23.4%), RHD
(13.4%), and congenital heart disease (CHD) (9.8%). This relates to
the findings from a systematic review of 1872 IE cases in Portugal
from 1990 to 2020, where 44.5% of them had ‘structural heart dis-
ease’ (de Sousa et al.,, 2021). In addition, Mufioz et al. conducted
a prospective, nationwide study of 1804 subjects with IE in Spain
describing that 27% had degenerative valve disease (Mufioz et al.,
2015).

Data on CHD were assessed from 24 studies (2964 cases), and
the frequency found in our review was lower than that reported in
the European Endocarditis (EURO-ENDO) registry—a large prospec-
tive multinational registry of 3116 patients with IE, where CHD
was seen in 11.7% of participants (Habib et al., 2019). On the other
hand, RHD information was provided in less than half of the stud-
ies (2005 cases). Comparing the presence of RHD in our study
to that with other regions, a similar rate of RHD among subjects
with IE has been described in Turkey (11%) (Vahabi et al., 2019),
but a lower frequency has been reported in higher-income coun-
tries such as Spain (8%) (Mufioz et al.,, 2015). This reflects how
RHD continues to be a cause of morbidity in developing nations
compared with wealthier regions. The frequency of IVDU was low
(4.0%), less than in high-income regions as Europe and the United
States (Habib et al., 2019 Rudasill et al., 2019;). However, just over
a third of the studies provided data on IVDU, leading to 1981 cases
assessed. In the United States, Rudasill et al. found that 22.2% of IE
cases between 2010 and 2015 from a large national database were
IVDU-related (Rudasill et al., 2019). Moreover, a prior episode of
IE was described in 8.8% in one-third of studies, more than in a
French nationwide study (5.4%) (Selton-Suty et al., 2012) but sim-
ilar to the EURO-ENDO registry (8.8%) (Habib et al., 2019). A pos-
itive aspect of the reviewed articles was that most of them based
their IE definition on the Duke or modified Duke criteria; the lat-
ter provides excellent diagnostic value for IE cases according to the
PRO-ENDOCARDITIS study (Mahabadi et al., 2021).

4.2. Microbiological characteristics

Data on blood cultures were retrieved from 41 studies, in-
cluding 4032 cultures. Among these, 23.9% of cases had nega-
tive blood cultures. This rate ranged from 14.2% (1970-80s) to
26.1% (1990s), with 23.1% BCNIE cases identified in the last decade.
BCNIE is a common finding as reported in studies from differ-
ent regions, ranging from 14.7% up to 31.1% (Cecchi et al.,, 2015
Giannitsioti et al.,, 2021; Habib et al., 2019; Muifloz et al., 2015;
Vahabi et al.,, 2019;). Previous antibiotic exposure is a common
reason for BCNIE (Lamas and Eykyn, 2003). In our review, only
two studies (Ferreiros et al., 2006 Siciliano et al., 2014b;) reported
previous antibiotic use in 57% and 47.1% of BCNIE cases, respec-
tively, suggesting the need for this data to be included in upcom-
ing research in LATAM. Moreover, atypical microorganisms that re-
quire additional testing have been reported as etiologies of BCNIE
(Lamas and Eykyn, 2003). Fournier et al. described the use of sero-
logic testing as an aid for blood cultures in a series of 759 cases
with BCNIE, where a diagnosis was provided by serological analy-
sis in 47.7% of cases. In addition, polymerase chain reaction (PCR)
of blood or valve specimen was useful in this study (Fournier et al.,
2010). Clinical guidelines recommend the use of serology and PCR
assays when presented with BCNIE (Habib et al., 2015). Despite
this, only two of the included studies reported the use of serol-
ogy tests for Coxiella burnetii and Bartonella (Murdoch et al., 2009
Siciliano et al., 2014b;). This reflects an area for improvement in
the diagnosis of fastidious microorganisms in LATAM, as other au-
thors have reported cases of Bartonella spp. and Coxiella burnetii in
valves of BCNIE cases in Brazil (Lamas et al., 2013).

The most common isolates in this study were Staphylococcus au-
reus and VGS, as reported in a systematic review of observational
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studies without geographic restriction (Vogkou et al., 2016). In the
2010s, S. aureus was the main causative microorganism, followed
by VGS and Enterococcus spp. Although the EURO-ENDO study de-
scribed a higher number of Enterococcus and CoNS isolates than
VGS, Staphylococcus aureus was still the most common etiology
(Habib et al., 2019). On the other hand, Nakatani et al. reported
VGS as the most common microbe among IE cases in a nation-
wide study in Japan (Nakatani et al., 2013). Just a few studies,
mostly from the 2010s, reported S. aureus antimicrobial suscepti-
bility; subsequent studies should include this data to clarify MRSA
rates among cases of IE in LATAM.

4.3. Imaging characteristics

Echocardiographic data on the type of IE was assessed from at
least 27 studies. Despite the higher percentage of patients with
native valve IE (67.3%), the number of prosthetic valve (26.6%)
and device-related IEs (9.8%) were noteworthy. Notably, in the last
decade, 31.3% of 1312 cases and 15.9% of 591 cases had prosthetic
valve and device-related IE, respectively. Similar findings were de-
scribed in the EURO-ENDO study (Habib et al., 2019) and multi-
center prospective registers from Spain (Mufioz et al.,, 2015) and
Italy (Cecchi et al.,, 2015). In this review, IE mainly affected left-
sided valves, which is in line with the findings from other au-
thors worldwide (Habib et al., 2019 Mufioz et al., 2015; Selton-
Suty et al, 2012;). As expected and consistent with the descrip-
tion of other studies (Habib et al., 2019 Nakatani et al., 2013;
Vahabi et al.,, 2019;), vegetations were the most commonly re-
ported and found echocardiographic findings. Other common find-
ings in our review were valvular regurgitation and abscesses. Imag-
ing techniques such as CCT, MRI, and '8F-FDG PET/CT have been
described as complementary tools for IE diagnosis, especially in
patients with prosthetic or device-related IE (Gomes et al., 2017).
None of the included studies described the use of these addi-
tional imaging modalities. The use of these techniques is still low;
according to the EURO-ENDO registry, 8F-FDG PET/CT, leucocyte
scintigraphy, and CCT were performed in 16.6%, 1.2%, and 9.6%, re-
spectively (Habib et al., 2019).

4.4. Burden of IE

IE has a high burden on LATAM patients. We found a high pro-
portion of cases developing heart failure (36.4%) or embolic events
(271%) during the course of the disease, consistent with a meta-
analysis evaluating 22,382 cases that described a similar rate for
embolism (25%) and cardiac complications (39%) (Abegaz et al.,
2017). Furthermore, a meta-analysis of 11,215 IE cases reported a
median incidence of 29% for embolic events (Yang et al., 2019). The
use of surgical treatment has been increasing in the management
of [E over time (Tleyjeh et al., 2007). In our review, surgery was
more frequently reported in studies from the 2000s decade on-
ward. From 2931 cases in 26 nonsurgical-exclusive reports, surgery
was done in 42% of cases. This proportion was lower than that re-
ported in the EURO-ENDO registry (51.2%) and in a Japanese na-
tionwide study (61%) (Habib et al., 2019 Nakatani et al., 2013;).

Data on in-hospital mortality were available in most studies,
leading to data on over 4000 cases. In-hospital mortality among
these cases was 25.1%, ranging between 23.6% to 29.3% through the
decades. Similar in-hospital mortality rates have been described
by Mufioz et al. in Spain (28.9%) and by Sousa et al. in Portugal
(short-term mortality: 20.8%) (Mufioz et al., 2015 de Sousa et al.,
2021;). However, these findings are higher than in other devel-
oped countries (Bor et al.,, 2013 Habib et al., 2019; Nakatani et al.,
2013;). Bor et al. described in-hospital mortality of 14.5% in a
nationwide study evaluating the hospital admissions of patients
with IE across the United States (Bor et al., 2013). In addition,
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Habib et al. and Nakatani et al. reported in-hospital mortality of
17.1% and 11% in Europe and Japan, respectively (Habib et al., 2019
Nakatani et al., 2013;). Other authors have described predictors
of mortality such as a greater age, S. aureus etiology, heart fail-
ure (Selton-Suty et al., 2012), and the failure to undertake surgery
when indicated (Habib et al., 2019), which may be possible factors
to the differences in mortality between regions.

4.5. Limitations of the study

This systematic review has some limitations. First, 45 of 226 po-
tential eligible articles could not be retrieved (especially from 2000
or before) despite exhaustive effort (extensive web search, contact
to journals, libraries, or authors), thus leading to possible missing
data. Second, 37 of 44 studies were conducted in a single center
and all studies were hospital-based, which could be a source for
potential biases such as selection or referral bias. Third, there are
missing data from some of the countries of the region due to them
not fulfilling the initial eligibility criteria. Fourth, heterogeneity in
the number of studies/cases used in each variable can be seen, as
we depend on the data reported in the published manuscripts. This
may lead to possible overestimation or underestimation of some
variables. Fifth, data on uncommon microorganisms may have been
missed due to our eligibility criteria, as these are commonly de-
scribed in microorganism-exclusive case series/reports. Sixth, when
assessing variables per decade, the differences in the number of
cases/studies were considerable, leading us to the use of solely de-
scriptive statistics. Future studies evaluating increasing or decreas-
ing trends in predisposing factors, microbiology, and burden are
welcome to further clarify differences through time. Finally, we
identified a lack of population-based and multicenter national or
international studies in most of the countries. Only four studies
from two countries, Chile (Oyonarte G et al., 2003) and Argentina
(Avellana et al., 2018 Casabe et al., 1996b;, 1996a Ferreiros et al.,
2006;), and one international (Murdoch et al., 2009) were prospec-
tive multicenter registries, identifying the need for this type of
study in LATAM.

5. CONCLUSIONS

In this systematic review, we identified the most common char-
acteristics of patients with IE in LATAM. Most were male, had a
predisposing heart condition (valve disease, prosthetic valve, RHD,
or CHD), and presented with fever and a heart murmur. There was
a high rate of negative blood cultures, and the two most common
isolates were Staphylococcus aureus and VGS. IE was mainly native
and located in left-sided valves. The disease continues to highly
burden patients, with a significant proportion of heart failure, em-
bolism, need for surgery, and in-hospital mortality. There is an area
of improvement in the use of serologic testing and new imaging
techniques in LATAM. Further prospective and periodical national
or international studies, as well as population-based investigations,
including Latin American adults are needed for an accurate de-
scription of this deadly disease.
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