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Abstract: Endocarditis is an extremely rare complication of Salmonellosis with an incidence of 0.2–0.4%.
It is a destructive and invasive infection that follows a highly complicated course and carries a high
mortality rate that exceeds 45%. Multiple predisposing factors for Salmonella endocarditis have been
described in the literature, including human immunodeficiency virus infection, congenital heart
diseases, and the presence of a prosthetic valve. Herein, we report a case of Salmonella prosthetic
valve endocarditis complicated by splenic infarction and aortic pseudoaneurysm presenting as a
month-long history of fluctuating fever, chills, and rigors, accompanied by occasional cough and
shortness of breath in a 55-year-old female with aortic and mitral valves replacement and multiple
comorbidities. She was diagnosed by multiple radiographic studies and successfully treated with the
Commando procedure and a long course of IV antibiotics.

Keywords: prosthetic valve endocarditis; Salmonella endocarditis; Salmonellosis; Commando proce-
dure; splenic infarction; aortic pseudoaneurysm

1. Introduction

Salmonella species are gram-negative motile facultatively anaerobic bacilli that com-
monly cause self-limited gastroenteritis [1]. It is transmitted via the ingestion of con-
taminated food and water or rattlesnake meat or is acquired via the fecal–oral route [2].
Although commonly benign, Salmonellae are responsible for 600 deaths annually, and up
to 10% of the cases develop bacteremia, particularly among infants, young children, the
elderly, and immunocompromised individuals, affecting vital systems such as the ner-
vous and cardiovascular systems [3,4]. Endocarditis is an exceedingly rare complication
of Salmonella infection with an incidence of 0.2–0.4% [5]. It is a fulminant, destructive,
and invasive infection that follows a highly complicated clinical course with possible
life-threatening complications, such as conduction disturbances, valvular abscesses, perfo-
ration and/or rupture, and carries a high mortality rate that exceeds 45% [5–8]. Several
Salmonella serotypes have been implicated in infective endocarditis, the most common
of which are S. choleraesuis, S. typhimurium, S. Thompson, and S. typhi [2]. Mitral valve
Salmonella infective endocarditis comprises 33.3% of Salmonella infective endocarditis cases,
whereas Salmonella mural (nonvalvular) infective endocarditis comprises 26.4%, with a
higher mortality rate of 52% [2]. Multiple predisposing factors for Salmonella endocarditis
have been described in the literature, including human immunodeficiency virus (HIV)
infection, congenital heart diseases, and rheumatic heart disease (RHD) and subsequent
prosthetic valve replacement [5,9].
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2. Case Presentation

A 56-year-old Saudi female, with a known case of type 2 diabetes mellitus, hyperten-
sion, chronic anemia, atrial fibrillation, non-ischemic cardiomyopathy, and RHD status post
mitral and aortic valves replacement, presented to our emergency department complaining
of a month-long history of fluctuating fever, chills, and rigors, accompanied by occasional
cough and mild shortness of breath. At first, she had a sore throat, cough, and sneezing, for
which she visited a private clinic and was diagnosed as a case of tonsillitis and prescribed
a short course of antibiotics without significant improvement. She denied a history of
sick contact, chest pain, palpitations, syncope, abdominal or joint pains, urinary or bowel
changes, or nausea and vomiting. Upon admission, she was on digoxin and furosemide for
heart failure, warfarin for atrial fibrillation, bisoprolol and candesartan for hypertension,
insulin glargine for diabetes mellitus, rosuvastatin for dyslipidemia, and esomeprazole for
occasional reflux. Her past surgical history was remarkable for a MAZE procedure a year
ago for atrial fibrillation and mechanical aortic (size 21 mm) and mitral (size 31 mm) valves
replacement for RHD 2 years ago. Her family history was noncontributory. On examination,
she was ill-appearing, normotensive (115/67 mmHg), and tachycardiac (140 bpm) with
a high-grade fever (39.5 ◦C). The clinical examination of the respiratory system revealed
the presence of right basal crepitations. Cardiovascular examination was unremarkable,
with normal S1 and S2 with appreciable metallic clicks, and no added sounds or murmurs,
carotid or femoral bruits, or thrills or heaves. Her abdomen was nontender and soft, with
normal bowel sounds, and without evidence of organomegaly. A trace right lower limb
edema was observed during examination. She was admitted under cardiology for diagnosis
and management as appropriate.

Laboratory investigations were notable for normocytic normochromic non-hemolytic
anemia (Hgb: 115 g/L, MCV: 85.8 fL, MCHC: 330 g/L, Haptoglobin: 1.87 g/L), thrombo-
cytopenia (Platelets: 96 × 10ˆ9/L), abnormal liver function (ALT: 57 U/L, AST: 113 U/L,
Alk Phos: 188 U/L, Total Bili: 55.9 µmol/L, GGT: 292 U/L), kidney injury (Creatinine:
264 µmol/L, BUN: 23 mg/dL, eGFR: 17 mL/min/1.73 m2), elevated uric acid (655 µmol/L),
lactic acid (2.42 mmol/L), inflammatory markers (ESR: 85 mm/h, CRP: 336 mg/L, PCT:
23.7 ng/mL), cardiac biomarkers (BNP: 256 pmol/L, Troponin I: 75 pg/mL), throm-
botic markers (D-dimer: 12.32 mg/L, Fibrinogen: 6.23 g/L), hypotonic hyponatremia
(170 mOsm/kg, 119 mmol/L), hypochloridemia (88 mmol/L), and hypoalbuminemia
(30 g/L). Her coagulation profile was remarkable for elevated PT (59.1 s), PTT (45 s), and
INR (6.62) (Table 1). Urinalysis was unremarkable, and blood cultures came positive for
Salmonella (group C and D) three times during the patient’s admission, despite appropriate
IV antibiotics.

Table 1. Important Laboratory Values at Hospital Admission, ICU Admission/One-Day Preopera-
tively, Discharge, and Follow-Up.

Test Name Reference Range with Unit At Initial Admission At ICU Admission At Discharge At Follow-Up

Hgb 120~160 gm/L 115 88 100 98

MCV 76~96 fL 82.8 93.6 93.9 93.1

Retic Percent 0.5~1.5% 5.6 5.08 N/A 3.37

RBC 4~5.4 × 1012/L 4.21 2.84 3.16 3.29

WBC 4~11 × 109/L 10.2 8.25 7.32 6.88

Neutrophils 2~7.5 × 109/L 9.32 6.28 5.01 5.45

Lymphocytes 1~4.4 × 109/L 0.3 1.01 1.2 1.68
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Table 1. Cont.

Test Name Reference Range with Unit At Initial Admission At ICU Admission At Discharge At Follow-Up

Platelets 150~400 × 109/L 96 219 288 212

PT Second 55.9 12.2 36.1 26.3

PTT Second 41.9 41.6 36.5 31

INR . 6.21 1.14 3.6 2.54

AST 5~34 U/L 113 28 52 34

ALT 5~55 U/L 57 14 28 24

Bili T ~20.5 µmol/L 55.9 39.5 38.8 28.1

Bili D ~8.6 µmol/L 40 30 23.3 16

GGT 9~36 U/L 290 286 576 627

Alk Phos 40~150 U/L 188 281 193 199

Total Protein 64~83 g/L 65 66 82 77

BUN 3.5~7.2 mmol/L 23 13.6 9.9 15.9

Creatinine 50~98 µmol/L 264 190 213 149

eGFR ~60 mL/min/1.73 m2 17 25 22 25

Albumin 35~50 g/L 30 29 47 48

Uric Acid 150~370 µmol/L 655 363 257 701

Sodium 136~145 mmol/L 119 109 129 136

Chloride 98~107 mmol/L 88 80 94 102

Phosphorus 0.74~1.52 mmol/L 1.18 1.27 0.87 1.62

Ca 2.1~2.55 mmol/L 1.86 1.87 2.41 2.33

Adj Ca 2.1~2.55 mmol/L 2.06 2.09 2.27 2.17

Potassium 3.5~5.1 mmol/L 4.6 4.7 5.1 5.1

Magnesium 0.66~1.07 mmol/L 0.93 0.8 0.8 0.8

Lactic Acid 0.5~2.2 2.96 2.58 N/A N/A

CRP ~8 mg/L 336 89 N/A N/A

PCT ~0.05 ng/mL 23.7 19.5 N/A N/A

ESR 0~30 mm/h 85 59 N/A N/A

D-Dimer 0~0.5 12.32 4.9 N/A N/A

BNP ~28.9 pmol/L 256 420 N/A 295

Troponin I ~15.6 75 2196 N/A N/A

Creatine
Kinase 29~168 U/L 151 455 N/A N/A

Abbreviations N/A: Not available, Hgb: Hemoglobin, MCV: Mean Corpuscular Volume, RBC: Red Blood
Cells, WBC: White Blood Cells, PT: Prothrombin Time, PTT: Partial Thromboplastin Time, INR: Interna-
tional Normalized Ratio, AST: Aspartate transaminase, ALT: Alanine aminotransferase, Bili T: Total Bilirubin,
Bili D: Direct Bilirubin, GGT: Gamma-glutamyl Transferase, Alk Phos: Alkaline Phosphatase, BUN: Blood
Urea Nitrogen, GFR: Glomerular Filtration Rate, Ca: Calcium, CRP: C-Reactive Protein, PCT: Procalcitonin,
ESR: Erythrocyte Sedimentation Rate, BNP: Brain Natriuretic Peptide.

Chest radiograph was notable for bilateral interstitial infiltrates representing pul-
monary edema (Figure 1), and admission ECG showed atrial fibrillation with a rapid
ventricular response (Figure 2). A cardiac positron emission tomography/computed to-
mography (PET/CT scan) revealed increased Fluorodeoxyglucose (FDG) uptake around
the prosthetic aortic valve and the aortic root, indicating an ongoing inflammatory or infec-
tious process (Figures 3 and 4). Cardiac CT findings were periaortic collection, extending
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to the anterior mediastinum along the retrosternal area, and associated with enhancing
wall, mediastinal stranding, and multiple enlarged lymph nodes. Furthermore, there was
a pseudoaneurysm in the ascending aorta (Figure 5). Transesophageal echocardiogram
was performed and showed a posterior aortic root abscess cavity extending to the aor-
tomitral curtain, bulging in the left atrium, and communicating with the left ventricular
outflow tract. Moreover, there was moderate concentric hypertrophy, global hypokine-
sis of the left ventricle with an ejection fraction of 45%, and mild tricuspid regurgitation
(Videos S1 and S2). After a week of admission, she developed epigastric pain, for which
she underwent abdominal and pelvis CT. It demonstrated a large hypodense area in the
lower pole of the spleen with surrounding fat stranding and another upper pole linear
hypodensity, representing infected splenic infarction (Figure 6). A diagnosis of complicated
Salmonella aortic prosthetic valve endocarditis was made, and the patient was counselled
about the risk of surgical intervention, and she agreed.

Diagnostics 2022, 12, x FOR PEER REVIEW 4 of 9 
 

 

and S2). After a week of admission, she developed epigastric pain, for which she under-
went abdominal and pelvis CT. It demonstrated a large hypodense area in the lower pole 
of the spleen with surrounding fat stranding and another upper pole linear hypodensity, 
representing infected splenic infarction (Figure 6). A diagnosis of complicated Salmonella 
aortic prosthetic valve endocarditis was made, and the patient was counselled about the 
risk of surgical intervention, and she agreed.  

 
Figure 1. Chest X-ray showing bilateral airspace opacities and interstitial infiltrates representing 
pulmonary edema. 
Figure 1. Chest X-ray showing bilateral airspace opacities and interstitial infiltrates representing
pulmonary edema.



Diagnostics 2022, 12, 1982 5 of 9Diagnostics 2022, 12, x FOR PEER REVIEW 5 of 9 
 

 

 
Figure 2. ECG showing atrial fibrillation with a rapid ventricular response. 

 
Figure 3. Cardiac PET scan showing increased FDG uptake around the prosthetic aortic valve and 
the aortic root, indicating an ongoing inflammatory or infectious process. 

 
Figure 4. Cardiac CT scan showing increased FDG uptake around the prosthetic aortic valve and 
the aortic root, indicating an ongoing inflammatory or infectious process. 

Figure 2. ECG showing atrial fibrillation with a rapid ventricular response.

Diagnostics 2022, 12, x FOR PEER REVIEW 5 of 9 
 

 

 
Figure 2. ECG showing atrial fibrillation with a rapid ventricular response. 

 
Figure 3. Cardiac PET scan showing increased FDG uptake around the prosthetic aortic valve and 
the aortic root, indicating an ongoing inflammatory or infectious process. 

 
Figure 4. Cardiac CT scan showing increased FDG uptake around the prosthetic aortic valve and 
the aortic root, indicating an ongoing inflammatory or infectious process. 

Figure 3. Cardiac PET scan showing increased FDG uptake around the prosthetic aortic valve and
the aortic root, indicating an ongoing inflammatory or infectious process.

Diagnostics 2022, 12, x FOR PEER REVIEW 5 of 9 
 

 

 
Figure 2. ECG showing atrial fibrillation with a rapid ventricular response. 

 
Figure 3. Cardiac PET scan showing increased FDG uptake around the prosthetic aortic valve and 
the aortic root, indicating an ongoing inflammatory or infectious process. 

 
Figure 4. Cardiac CT scan showing increased FDG uptake around the prosthetic aortic valve and 
the aortic root, indicating an ongoing inflammatory or infectious process. 
Figure 4. Cardiac CT scan showing increased FDG uptake around the prosthetic aortic valve and the
aortic root, indicating an ongoing inflammatory or infectious process.



Diagnostics 2022, 12, 1982 6 of 9Diagnostics 2022, 12, x FOR PEER REVIEW 6 of 9 
 

 

 
Figure 5. Cardiac CT showing periaortic collection and pseudoaneurysm in the ascending aorta. 

 
Figure 6. Abdominal and pelvis CT showing a large hypodense area in the lower pole of the spleen 
with and another upper pole linear hypodensity, representing infected splenic infarction. The white 
arrows point at hypodense areas indicating splenic infarction. 

The patient underwent a Commando procedure in which a redo sternotomy with 
peripheral cardiopulmonary bypass was established, infected tissues were resected, mi-
tral valve was replaced with a 27 mm mechanical valve, aortomitral curtain and left atrial 
roof were reconstructed, aortic root and ascending aorta were replaced, and modified 
Valsalva conduit and 21 mm tissue aortic valve were implanted. Following that, she was 
admitted to the cardiac intensive care unit (ICU) and commenced on IV Ceftriaxone and 
Gentamicin. A few days after ICU admission, she became severely hypotensive and de-
veloped acute kidney injury requiring continuous renal replacement therapy in the form 
of hemodialysis (HD). Two weeks postoperatively, a follow-up transthoracic echocardi-
ography demonstrated well-seated aortic and mitral valves, mild aortic regurgitation, and 
localized posterior pericardial effusion.  

After 18 days of ICU admission, she was shifted to the floor and commenced on con-
ventional HD via perma-cath thrice weekly. She was discharged after 4 months of admis-
sion, asymptomatic and hemodynamically stable with a negative septic workup. On fol-
low-up 2 months later, she stopped HD, and the perma-cath was removed. Overall, she 
was healthy, with good urine output and stable kidney function (Creatinine: 149 μmol/L, 
BUN: 15.9 mg/dL) (Figure S1).  

3. Discussion 
Salmonella species are Gram-negative bacilli that commonly cause self-limited gastro-

enteritis but may infect the meninges, bones, myocardium, and other vital organs [1,3,4]. 

Figure 5. Cardiac CT showing periaortic collection and pseudoaneurysm in the ascending aorta.

Diagnostics 2022, 12, x FOR PEER REVIEW 6 of 9 
 

 

 
Figure 5. Cardiac CT showing periaortic collection and pseudoaneurysm in the ascending aorta. 

 
Figure 6. Abdominal and pelvis CT showing a large hypodense area in the lower pole of the spleen 
with and another upper pole linear hypodensity, representing infected splenic infarction. The white 
arrows point at hypodense areas indicating splenic infarction. 

The patient underwent a Commando procedure in which a redo sternotomy with 
peripheral cardiopulmonary bypass was established, infected tissues were resected, mi-
tral valve was replaced with a 27 mm mechanical valve, aortomitral curtain and left atrial 
roof were reconstructed, aortic root and ascending aorta were replaced, and modified 
Valsalva conduit and 21 mm tissue aortic valve were implanted. Following that, she was 
admitted to the cardiac intensive care unit (ICU) and commenced on IV Ceftriaxone and 
Gentamicin. A few days after ICU admission, she became severely hypotensive and de-
veloped acute kidney injury requiring continuous renal replacement therapy in the form 
of hemodialysis (HD). Two weeks postoperatively, a follow-up transthoracic echocardi-
ography demonstrated well-seated aortic and mitral valves, mild aortic regurgitation, and 
localized posterior pericardial effusion.  

After 18 days of ICU admission, she was shifted to the floor and commenced on con-
ventional HD via perma-cath thrice weekly. She was discharged after 4 months of admis-
sion, asymptomatic and hemodynamically stable with a negative septic workup. On fol-
low-up 2 months later, she stopped HD, and the perma-cath was removed. Overall, she 
was healthy, with good urine output and stable kidney function (Creatinine: 149 μmol/L, 
BUN: 15.9 mg/dL) (Figure S1).  

3. Discussion 
Salmonella species are Gram-negative bacilli that commonly cause self-limited gastro-

enteritis but may infect the meninges, bones, myocardium, and other vital organs [1,3,4]. 

Figure 6. Abdominal and pelvis CT showing a large hypodense area in the lower pole of the spleen
with and another upper pole linear hypodensity, representing infected splenic infarction. The white
arrows point at hypodense areas indicating splenic infarction.

The patient underwent a Commando procedure in which a redo sternotomy with
peripheral cardiopulmonary bypass was established, infected tissues were resected, mitral
valve was replaced with a 27 mm mechanical valve, aortomitral curtain and left atrial
roof were reconstructed, aortic root and ascending aorta were replaced, and modified
Valsalva conduit and 21 mm tissue aortic valve were implanted. Following that, she was
admitted to the cardiac intensive care unit (ICU) and commenced on IV Ceftriaxone and
Gentamicin. A few days after ICU admission, she became severely hypotensive and de-
veloped acute kidney injury requiring continuous renal replacement therapy in the form
of hemodialysis (HD). Two weeks postoperatively, a follow-up transthoracic echocardiog-
raphy demonstrated well-seated aortic and mitral valves, mild aortic regurgitation, and
localized posterior pericardial effusion.

After 18 days of ICU admission, she was shifted to the floor and commenced on
conventional HD via perma-cath thrice weekly. She was discharged after 4 months of
admission, asymptomatic and hemodynamically stable with a negative septic workup. On
follow-up 2 months later, she stopped HD, and the perma-cath was removed. Overall, she
was healthy, with good urine output and stable kidney function (Creatinine: 149 µmol/L,
BUN: 15.9 mg/dL) (Figure S1).

3. Discussion

Salmonella species are Gram-negative bacilli that commonly cause self-limited gas-
troenteritis but may infect the meninges, bones, myocardium, and other vital organs [1,3,4].
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Endocarditis is an exceedingly rare complication of Salmonella infection with an incidence of
0.2–0.4% and a high mortality rate even with appropriate antibiotics therapy [5]. It is a ful-
minant, destructive, and highly invasive disease that is possibly complicated by conduction
defects, valvular abscesses, perforation, and/or rupture [6–8]. It usually occurs in patients
with HIV and preexisting heart diseases, including congenital heart diseases and RHD [5,9].
In this article, we report a case of Salmonella prosthetic valve endocarditis complicated by
splenic infarction, prolonged hospital stay, and kidney injury in a 56-year-old female with
multiple cardiovascular comorbidities.

We believe that this case is interesting for the following reasons. (1) This case highlights
the importance of maintaining a high index of clinical suspicion for Salmonella endocarditis
in patients with prosthetic valves who present with bacteremia, especially in the absence of
extracardiac sources of infection such as IV catheters and pneumonia. Early recognition
and surgical intervention are essential to decrease Salmonella endocarditis morbidity, such
as conduction abnormalities, septic embolism, valvular abscesses, perforation or rupture,
and mortality [10]. (2) To the best of our knowledge, this might be the second case of
Salmonella prosthetic valve endocarditis in the Kingdom of Saudi Arabia, but the first case
of aortic valve Salmonella endocarditis, as the previously reported case was Salmonella
mitral valve endocarditis [11]. (3) This case is unique because the patient had double
prosthetic valves (mitral and aortic), and her case was uniquely complicated by splenic
infarction due to septic emboli, aortic pseudoaneurysm, and aortic root abscess cavity
extending to the aortomitral curtain, bulging in the left atrium, and communicating with
the left ventricular outflow tract. This might be the first case of aortic pseudoaneurysm as a
complication of Salmonella prosthetic valve endocarditis. Although cerebral embolism is a
known complication of Salmonella endocarditis [12–15], splenic infarction due to emboli in
the setting of Salmonella endocarditis has only been reported once [16]. (4) The patient’s age
is atypical for salmonella endocarditis, as most of the reported cases were younger than
50 years [4]. (5) Salmonella prosthetic valve endocarditis is extremely rare, and to the best of
our knowledge, only around 20 cases have been reported in the literature.

The Modified Duke criteria consist of clinical, laboratory, and imaging findings that
are used in the diagnosis of endocarditis. The diagnosis of endocarditis requires two major
criteria, one major and three minor criteria, or five minor criteria [17]. In this case, three
blood cultures came positive for Salmonella during the patient’s admission and PET/CT
with FDG and cardiac CT findings were highly suggestive of endocarditis. Based on the
European Society of Cardiology, findings suggestive of endocarditis on ECG-gated cardiac
CT angiogram or PET/CT with FDG are considered major criteria [17]. Additionally,
the reported case meets some of the minor criteria, such as having a predisposing heart
condition and persistent fever of ≥38.0 ◦C (≥100.4 ◦F).

Salmonella is an intestinal pathogen, but it can invade the epithelium, flourish in-
tracellularly, and, through the lymphatic system, spread systemically [5]. Nontyphoidal
Salmonella is of particular interest, as it can invade the arterial intima and therefore infect
the endothelium in the presence of atherosclerosis through a poorly understood mecha-
nism [18]. In our patient, multiple blood cultures came positive for nontyphoidal Salmonella
(group C and D), which could explain her aortic involvement. Based on the few reported
cases, it seems that patients with HIV or preexisting cardiac disease, especially those
aged ≥ 50 years, might be more vulnerable to salmonella endocarditis [5,9], but it has been
reported in normal heart valves [19,20]. Our patient had a history of RHD previously
treated by double prosthetic valve replacement, atrial fibrillation, and cardiomyopathy.

Old data showed poor efficacy for antibiotics in the treatment of Salmonella endo-
carditis [10], but more recent data showed that third generation cephalosporins, such as
Ceftriaxone, and fluoroquinolones are often effective [5]. Besides surgery, our patient
was treated with IV Ceftriaxone and Gentamicin. Although highly complicated and risky,
surgical intervention has been shown to greatly improve survival and should be considered
in patients with extensive disease [21].
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4. Conclusions

Salmonella prosthetic valve endocarditis represents a small fraction but a life-threatening
form of Salmonella endocarditis. Since unified diagnostic criteria are lacking, Salmonella
endocarditis represents a diagnostic challenge, and clinicians should maintain a low thresh-
old of its diagnosis, especially in patients with preexisting heart disease, as early medical
and surgical interventions can prevent or mitigate its associated morbidity and mortality.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diagnostics12081982/s1, Figure S1, Videos S1 and S2.

Author Contributions: M.S.A. (MBBS) was responsible for conceiving the report idea and acquiring
the patient’s data. M.S.A., R.B.A., T.S.A., A.Y.A., S.T.A. and O.M.W. (MBBS) were responsible for
writing the manuscript and formulating the required tables. I.S. and M.G.A.-G. (MD) supervised the
whole process, provided the required figures, and critically reviewed the manuscript. All authors
contributed to literature search and approved the final form of this paper and are responsible for its
content. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any funding.

Institutional Review Board Statement: This case report does not involve any studies with human
subjects or animals, and therefore, it does not need ethical approval. The confidentiality of the patient
was protected, and no names nor any identifiers were mentioned.

Informed Consent Statement: A written informed consent form was obtained from the patient for
the purpose of publication. The importance of reporting her case for educational purposes was
explained, and the patient agreed.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lahiri, A.; Iyer, N.; Das, P.; Chakravortty, D. Visiting the cell biology of Salmonella infection. Microbes Infect. 2010, 12, 809–818.

[CrossRef]
2. Mishra, K.; Cu, C.; Abolbashari, M.; Ojha, C.P.; Cervantes, J.L.; Alkhateeb, H. Slither into the Heart: Salmonella Endocarditis

Following Rattlesnake Meat Ingestion. Cureus 2021, 13, e16466. [CrossRef]
3. Fuche, F.J.; Sow, O.; Simon, R.; Tennant, S.M. Salmonella Serogroup C: Current Status of Vaccines and Why They Are Needed.

Clin. Vaccine Immunol. 2016, 23, 737–745. [CrossRef] [PubMed]
4. Nielsen, H.; Gradel, K.O.; Schønheyder, H.C. High incidence of intravascular focus in nontyphoid Salmonella bacteremia in the

age group above 50 years: A population-based study. APMIS 2006, 114, 641–645. [CrossRef]
5. Mutlu, H.; Babar, J.; Maggiore, P.R. Extensive Salmonella enteritidis endocarditis involving mitral, tricuspid valves, aortic root

and right ventricular wall. J. Am. Soc. Echocardiogr. 2009, 22, e1–e3. [CrossRef]
6. Parry, C.M.; Thomas, S.; Aspinall, E.J.; Cooke, R.P.; Rogerson, S.J.; Harries, A.D.; Beeching, N.J. A retrospective study of secondary

bacteraemia in hospitalised adults with community acquired non-typhoidal Salmonella gastroenteritis. BMC Infect Dis. 2013, 13, 107.
[CrossRef]

7. Miyamoto, M.I.; Hutter, A.M., Jr.; Blum, J.H.; Torchiana, D.F. Cardiac conduction abnormalities preceding transoesophageal
echocardiographic evidence of perivalvar extension of infection in a case of Salmonella prosthetic valve endocarditis. Heart
1997, 78, 416–418. [CrossRef] [PubMed]

8. Cheng, W.L.; Li, C.W.; Li, M.C.; Lee, N.Y.; Lee, C.C.; Ko, W.C. Salmonella infective endocarditis. J. Microbiol. Immunol. Infect.
2016, 49, 313–320. [CrossRef] [PubMed]

9. Preziosi, M.J.; Kandel, S.M.; Guiney, D.G.; Browne, S.H. Microbiological analysis of nontyphoidal Salmonella strains causing
distinct syndromes of bacteremia or enteritis in HIV/AIDS patients in San Diego, California. J. Clin. Microbiol. 2012, 50, 3598–3603.
[CrossRef]

10. Alvarez-Elcoro, S.; Soto-Ramirez, L.; Mateos-Mora, M. Salmonella bacteremia in patients with prosthetic heart valves. Am. J. Med.
1984, 77, 61–63. [CrossRef]

11. Al-Sherbeeni, N.M. Salmonella species group B causing endocarditis of the prosthetic mitral valve. Saudi Med. J. 2009, 30,
1091–1094.

12. Yamamoto, N.; Magidson, O.; Posner, C.; Mendez, A.M.; Zubiate, P.; Kay, J.H. Probable salmonella endocarditis treated with
prosthetic valve replacement: A case report. Surgery 1974, 76, 678–681.

13. Choo, P.W.; Gantz, N.M.; Anderson, C.; Maguire, J.H. Salmonella prosthetic valve endocarditis. Diagn. Microbiol. Infect. Dis.
1992, 15, 273–276. [CrossRef]

https://www.mdpi.com/article/10.3390/diagnostics12081982/s1
https://www.mdpi.com/article/10.3390/diagnostics12081982/s1
http://doi.org/10.1016/j.micinf.2010.05.010
http://doi.org/10.7759/cureus.16466
http://doi.org/10.1128/CVI.00243-16
http://www.ncbi.nlm.nih.gov/pubmed/27413069
http://doi.org/10.1111/j.1600-0463.2006.apm_480.x
http://doi.org/10.1016/j.echo.2008.11.017
http://doi.org/10.1186/1471-2334-13-107
http://doi.org/10.1136/hrt.78.4.416
http://www.ncbi.nlm.nih.gov/pubmed/9404262
http://doi.org/10.1016/j.jmii.2015.02.659
http://www.ncbi.nlm.nih.gov/pubmed/25882489
http://doi.org/10.1128/JCM.00795-12
http://doi.org/10.1016/0002-9343(84)90436-4
http://doi.org/10.1016/0732-8893(92)90124-C


Diagnostics 2022, 12, 1982 9 of 9

14. Lee, Y.H.; Lai, L.P.; Shyu, K.G.; Kuan, P.; Lien, W.P. Salmonella Prosthetic Valve Endocarditis: A Case Report. Angiology 1994, 45,
245–247. [CrossRef]

15. Gorki, H.; Loulmet, D.F.; Lessnau, K.D. A postoperative Gerbode defect in aortic prosthesis endocarditis with non-typhoid
Salmonella. J. Heart Valve Dis. 2009, 18, 325–326.

16. Kumar, K.; Freed, D.H.; Arora, R.C.; Lee, J.J.Y. Simultaneous Salmonella spp. endocarditis and mycotic abdominal aortic aneurysm
presentation: A surgical dilemma. Interact. CardioVascular Thorac. Surg. 2009, 9, 357–359. [CrossRef]

17. Habib, G.; Lancellotti, P.; Antunes, M.J.; Bongiornim, M.G.; Casalta, J.P.; Del Zotti, F.; Dulgheru, R.; El Khoury, G.; Erba, P.A.; Iung,
B.; et al. 2015 ESC Guidelines for the management of infective endocarditis: The Task Force for the Management of Infective
Endocarditis of the European Society of Cardiology (ESC). Endorsed by: European Association for Cardio-Thoracic Surgery
(EACTS), the European Association of Nuclear Medicine (EANM). Eur. Heart J. 2015, 36, 3075–3128. [CrossRef]

18. Fernández Guerrero, M.L.; Aguado, J.M.; Arribas, A.; Lumbreras, C.; de Gorgolas, M. The spectrum of cardiovascular infections
due to Salmonella enterica: A review of clinical features and factors determining outcome. Medicine 2004, 83, 123–138. [CrossRef]

19. Gutiérrez Macías, A.; Basurto-Hoyuelos, J.; Ramos-Prada, L.; Lizarralde-Palacios, E. Endocarditis por Salmonella enteritidis sobre
válvula nativa. Curación con tratamiento médico [Native valve endocarditis due to Salmonella enteritidis. A cure with medical
treatment]. Enferm. Infecc. Microbiol. Clin. 2014, 32, 404. [CrossRef]

20. Hanger, K.H., Jr.; Goodman, R.; Usher, B.W.; Holley, H.P., Jr. Aortic valve endocarditis due to Salmonella enteritidis. South. Med. J.
1985, 78, 1023–1024. [CrossRef]

21. Soravia-Dunand, V.A.; Loo, V.G.; Salit, I.E. Aortitis due to Salmonella: Report of 10 cases and comprehensive review of the
literature. Clin. Infect. Dis. 1999, 29, 862–868. [CrossRef]

http://doi.org/10.1177/000331979404500312
http://doi.org/10.1510/icvts.2009.205427
http://doi.org/10.1093/eurheartj/ehv319
http://doi.org/10.1097/01.md.0000125652.75260.cf
http://doi.org/10.1016/j.eimc.2014.02.016
http://doi.org/10.1097/00007611-198508000-00042
http://doi.org/10.1086/520450

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

