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Abstract
AIM: To study trends in the epidemiology, clinical presentation, microbiology and prognosis of non-typhoid Salmonella (NTS) myocarditis.

METHODS: We performed a systematic literature search for all reported NTS cases. The search yielded 838 publications. A total of 21 papers were deemed eligible. No language restrictions were enforced. Articles that were not written in English were translated. Pre-specified data such as clinical presentation, electrocardiogram (ECG) changes, transthoracic echocardiographic findings, cardiac magnetic resonance findings, microbiology cultures, Salmonella species, inflammatory markers (erythrocyte sedimentation rate and C-reactive protein), cardiac biomarkers and severity of illness were collected using data extraction sheets. Cases were classified by age into 2 groups; pediatric cases (defined as < 18 years old) and adult cases (defined ≥ 18 years old). The mean age of patients and standard deviations were calculated. The data was analyzed with IBM SPSS Statistics (Windows, Version 20.0. Armonk, NY: IBM Corp.) for demographic characteristics, presenting symptoms, microbiology, diagnostic methods, treatment modalities and outcome.

RESULTS: From the selected articles, we identified a total of 24 individual cases with verifiable data. There were 20 males with a male to female ratio of 5:1. The mean age at presentation was 30.8 years (range 1 mo-67 years), 16% of cases were children aged < 18 years. Most patients presented with chest pain, fever, and abdominal pain. The most common ECG finding was ST elevation. Cardiac biomarkers were elevated in around 70% of cases. Salmonella Enteritidis was the most common NTS isolated. Definitive diagnosis was established by blood and stool cultures in most of the cases. The pediatric and adults cases had similar incidence of bacteremia (40% vs 36.8%) while the pediatric group had more stool cultures positive compared to the adult group (100% vs 63.1%). Eighty-three percent of patients received antibiotics and 58% were successfully treated through conservative management. The overall mortality was 24% and 42% of patients required intensive care.

CONCLUSION: This systematic review of published cases shows that NTS myocarditis occurs predominantly in young adults and carries a poor prognosis.
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Core tip: Myocarditis is a rare extra-intestinal mani​festation of non-typhoid Salmonella infection. In our review, the most common presenting symptoms were fever, abdominal pain, and chest pain and the most frequent electrocardiogram finding was ST segment elevation. Around 70% of patients had positive cardiac biomarkers (creatine kinase and/or troponin). Salmonella Enteritidis was the most common pathogen identified. Mortality appears to be high as is seen with all bacterial myocarditis, and intensive care unit admission is warranted in a large number of cases.

INTRODUCTION
Salmonella species are gram-negative bacilli that are responsible for significant morbidity and mortality in both developing and developed nations. They are respon​sible for a wide spectrum of disease including enteric fever or typhoid fever [Salmonella Typhi (S. Typhi) and (S. Paratyphi)], as well as a range of clinical syndromes including diarrheal illness caused by a group of bacteria known as non-typhoid Salmonella (NTS)[1], Salmonella associated myocarditis is a rare entity described in case reports. Most case reports have described myocarditis associated with S. Typhi and Para-typhi infections. However, myocarditis associated with NTS, the species most commonly found in the western hemisphere, has been infrequently reported. Also, there is no existing structured analysis on this subject. We report an illustra​tive case and carefully analyze the available literature on NTS myocarditis in order to describe the epidemiological distribution, diagnostic trends and prognosis.
A 19-year-old male with no significant past medical history presented to the emergency department (ED) with a 2-d history of watery non-bloody diarrhea associated with diffuse abdominal cramping, fever, nighttime chills and sweats. He recalled eating jerk chicken from a local restaurant and a sausage-egg biscuit prior to onset of diarrhea. He ate alone and denied any sick contacts or recent travel. On admission his vitals were as follows: Temperature 38.8 ℃, heart rate (HR) 103/min and blood pressure (BP) 122/94 mmHg. Physical exam was unremarkable except for mild abdominal tenderness and dehydration. He received intravenous fluids and was discharged with a diagnosis of possible viral gastroenteritis. Forty-eight hours after discharge, he developed acute-onset chest pain (CP) and shortness of breath (SOB). The patient described the CP, as a retrosternal “squeezing” pain, 8/10 in severity, not radiating and associated with SOB at rest along with intermittent palpitations. He did not recognize any aggravating or relieving factors. When the symptoms persisted for 24 h, the patient came to the ED again and this time his vitals were as follows: BP 112/65 mmHg, HR 81/min, temperature 37.3 ℃ and respiratory rate 18 breaths/min with oxygen saturation of 97% on room air. Physical examination was unrevealing. Initial electrocardiogram (ECG) was significant for ST segment depression in leads V1 and V2 with ST segment elevations in leads V5 and V6 (Figure 1). Chest X-ray (CXR) did not show any cardiopulmonary process. Initial troponin I was 6.23 ng/mL (0.000-0.034 ng/mL) and a repeat assay 6 h later was 13.2 ng/mL. CBC showed hemoglobin of 12.5 g/dL, white blood cell count (WBC) of 6.9 × 109/L (4.4 × 109-10.6 × 109/L) with 26% bands. Kidney function and electrolytes were within normal limits. Liver enzymes showed alkaline phosphatase of 33 IU/L (50-120 U/L), aspartate aminotransferase of 42 IU/L (0-40 IU/L) and lactate dehydrogenase of 325 IU/L (85-210 IU/L). Table 1 summarizes the laboratory and imaging investigations for this patient. Within a few hours of admission, the patient became hypotensive with BP of 90/49 mmHg and the troponin went up to 18.9 ng/mL. He was subsequently transferred to the cardiac intensive care unit (ICU). Transthoracic echocardiogram (TTE) showed an ejection fraction (EF) of 40% with no regional wall motion abnormalities or pericardial fluid. Due to suspicion for myocarditis, a cardiac magnetic resonance imaging (CMRI) was done which showed multiple areas of abnormal sub-epicardial and mid-myocardial contrast hyper enhancement involving the posterior, inferior and anterior walls of the left ventricle, the anterior wall of right ventricle and the inter-ventricular septum reflecting multifocal biventricular myocarditis (Figure 2). Stool culture came back positive for Salmonella Berta and therapy was initiated with sulfamethoxazole/trimethoprim. The patient gradually improved over the next 4 d and his CP resolved. He received 14 d of therapy during which symptoms resolved completely and EF normalized. 
MATERIALS AND METHODS
This systematic review was conducted according to the PRISMA guidelines[2]. A computer-assisted literature search of PubMed, EMBASE CENTRAL and Google search engine was conducted. We also performed manual searches of the reference lists of studies, reviews, editorials, and letters, as well as related conference pro​ceedings. Search terms keywords included “Salmonella myocarditis”, “bacterial myocarditis”, “non-typhoidal Salmonella” as well as combinations of these terms. No language restrictions were enforced. Articles that were not written in English were translated. 

Inclusion criteria for publications in this systematic review: (1) Articles reporting original data; (2) Articles including patients with at least 1 blood and/or stool culture or tissue finding confirming diagnosis of Salmonella; (3) Articles including patients with clinical, electrocardiographic, or imaging evidence suggesting myocardial involvement; and (4) Articles providing data on at least one of the following: Clinical presentation, ECG description or original ECG, serum cardiac markers, any radiologic images. Exclusion criteria are listed as follows: (1) Articles including patients with myocarditis and infection with Salmonella typhi or para-typhi; (2) Articles reporting conditions that might present with clinical and imaging abnormalities similar to Salmonella myocarditis; (3) Articles on Salmonella infection affecting other organs; and (4) Review articles. 

The following data was extracted: age, gender, presenting complaints (CP SOB, diarrhea) fever > 37.5 ℃, white blood cell count, serum cardiac markers [creatine kinase (CK) and Troponin], ECG character​istics, microbiology cultures, inflammatory markers [erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)], TTE findings, CMRI findings, CXR findings, hemodynamics (BP and HR), Salmonella species and possible source of infection, need for ICU admission and outcomes (dead or alive). There was no age restriction for inclusion of cases in the study. Cases were classified by age into 2 groups; pediatric cases (defined as < 18 years old) and adult cases (defined ≥ 18 years old). The mean age of patients and standard deviations were calculated. All available ECG descriptions for each case were obtained and original data was analyzed. The ECG data was grouped into the following categories: ST segment elevation, ST segment depression, affected walls, T wave inversion, and others findings that included specific abnormalities such as prolonged QT, atrioventricular blocks (AVB), premature ventricular complex (PVC) were also recorded. Serum cardiac markers (CK and/or troponin) inflammatory markers (CRP and/or ESR) were classified as normal or elevated. Fever was defined as temperature > 37.5 ℃, leukocytosis as WBC count > 10000/mm3, reduced EF as < 50%, hypotension as systolic BP < 90 mmHg and diastolic BP < 60 mmHg, tachycardia as HR > 100/min. If data was reported without quantification but the description matched the criteria it was considered a positive finding. CXR and CMRI findings were obtained from the report or direct data analysis if there was an available image. The prevalence of the different measured variables was calculated from the extracted data. The “not available” data cases were not considered in the calculation. Data was analyzed with IBM SPSS Statistics (Windows, Version 20.0. Armonk, NY: IBM Corp) for demographic characteristics, presenting sym​ptoms, microbiology, diagnostic methods, treatment modalities and outcome. The analysis was reviewed by Villablanca P (MD MS-Clinical Research). 

RESULTS
The literature search yielded a total of 838 publications. Following the exclusion criteria, 816 citations were excluded after examining titles and abstracts, leaving twenty-one articles with 24 patients for detailed evalua​tion (Figure 3)[3-23]. 

Demographic characteristics

There were 19 adult and 5 pediatric cases, 20 males with a male-to-female ratio of 5:1. Female prevalence was higher in pediatric population (60%) as compared to adults (5.2%). The age of the patients ranged from 1 mo to 67 years. The mean age at presentation was 30.8 years. The mean age for adults and pediatrics cases was 36.6 years (range: 18-67 years) 9.6 years (range: 0.1-16 years) respectively. 

Diagnostic evaluation 

NTS species were identified either by blood cultures or stool cultures; only one patient had both cultures positive. One pediatric case was confirmed with myocardial biopsy after the patient died (Table 2). The pediatric and adults cases had similar incidence of bacteremia (40% vs 36.8%) while the pediatric group had more stool cultures positive compared to the adult group (100% vs 63.1%). S. Enteritidis was the most common pathogen found among all the reported cases, with a total of 10 cases (41.6%). Salmonella typhymurium was the most frequently reported pathogen in the adult group (36.8% of cases) and S. Enteritidis was the most frequently reported pathogen in the pediatric group (80% of cases) (Figure 4).
Presenting signs and symptoms

Fever, abdominal pain, and CP were the most common reported symptoms. Fever was present in 66.6% of the cases. SOB, chills and sweating were less prevalent. Of note, less than 25% of the cases had associated diarrhea. More than half of the cases of NTS presented with tachycardia and around 20% with hypotension. There was history of recent travel in 8 cases with a wide distribution around the world including Pakistan, Bali, Dominican Republic, Spain and Eastern Europe. Average prodrome was 4.6 d. Duration of prodromal symptoms was slightly longer in the pediatric cases (8.1 d). Four cases recalled a possible source of infection, which included eating chicken, rice-eggs, sausages with spoiled meat and dumplings. Table 2 illustrates the frequency of presenting signs and symptoms.

Electrocardiographic findings

The most common finding on ECG was the presence of ST segment elevation (52.1%). ST segment depression was seen in a small number of the cases with only one pediatric case. Adults had a higher prevalence of more serious ECG findings including 3rd degree AVB (10.5%, n = 2) and ventricular fibrillation (5.2%, n = 1). More benign findings like 1st degree AVB, prolonged QT, PVC, right bundle branch block and low voltage were present in both groups. Table 2 shows the frequency of different ECG abnormalities along with area of involvement. 

Markers of inflammation and cardiac injury

Variability in the choice of biomarkers was seen in the cases reviewed. Older cases used CK since troponin was not available. The prevalence of elevated CK and/or troponin in patients presenting with Salmonella myocarditis was near 70%. Prevalence of reported elevated troponin was high, in both, adults (71.4%, n = 10) and pediatric cases (40%, n = 2). However, troponin assay was not available at that time when most of the pediatric cases were reported. Most of the cases measured troponin I (55%, n = 5), followed by troponin T (33%, n = 3), and one case did not specify the kind of troponin used. Among the cases reviewed, the prevalence of elevated white count > 10000/mm3 was 40% of which 25% had a left shift. Where it was measured, elevation in ESR or CRP was noted in 100% of cases of Salmonella myocarditis. Frequency of abnormalities in inflammatory and cardiac biomarkers is illustrated in Table 2.

Imaging

Almost 30% patients had evidence of pulmonary edema on CXR and less than 1/3 had cardiomegaly. On TTE, 36.4% reported reduced EF (less than 50%). More than 50% of the adults had regional wall motion abnormalities. Pericardial effusion was seen exclusively in children (3 cases). Out of the 24 cases, only 2 received CMRI scans, both of which revealed delayed gadolinium enhancements. Frequency of abnormal imaging studies is shown in Table 2.

DISCUSSION
Myocarditis is an inflammatory condition of the myocar​dium with both infectious and non-infectious etiologies. It most commonly presents as non-ischemic cardio​myopathy but manifestations can range from sudden death, new onset atrial or ventricular arrhythmias, complete heart block or an acute myocardial infarc​tion[24]. Viral infections are the most common cause of myocarditis with an epidemiological change from Coxsackie B virus and adenovirus being identified in the past to parvovirus B19 being the most common etiological agent currently[24]. Bacterial myocarditis is uncommon with a prevalence ranging from 0.2% to 1.5%[25]. However, it should always be considered in patients with sepsis and ventricular dysfunction[26].

Salmonella species are gram-negative bacilli that are responsible for significant morbidity and mortality in both developing and developed nations. Both typhoidal and NTS can have extra-intestinal manifestations however myocarditis is an uncommon extra-intestinal manifestation[27]. NTS are food-borne pathogens that are responsible for diarrheal illness. There is about a 5% incidence of invasion beyond the gastrointestinal  tract present most commonly in immunocompromised hosts[28]. In our review, the major presenting symptoms were fever and CP with only around 20% having diarrhea. A large study of over 7000 human Salmonella infections noted cardiac involvement in the form of endocarditis in 20 patients all of whom had a rapidly fatal outcome[29]. It can be postulated that myocardial damage occurs secondary to involvement of endocardium or due to direct bacterial invasion from bacteremia. In addition to this, sepsis induced myocardial depression and subsequent remodeling may also play a part as it does in other bacterial myocarditis[26].

ECG analysis in myocarditis usually shows sinus tachycardia with non-specific ST segment changes and T wave abnormalities[24]. In our review, the most common ECG abnormality was ST elevation. Troponins have been shown to have high specificity (89%) and low sensitivity (34%) for diagnosis of myocarditis[30]. In our review troponins were elevated in majority of the patients with NTS myocarditis. Even though the gold standard for diagnosis remains endomyocardial biopsy, CMRI is slowly replacing the need for more invasive procedures[31]. In a recent study of 82 patients with troponin elevation without significant coronary artery disease, late gadolinium enhancement CMRI established a diagnosis of myocarditis in 80% of the patients in comparison to 88% diagnosed with endomyocardial biopsy[31]. In our review, only 2 patients received CMRI with both cases showing evidence of myocarditis. TTE showed a reduced EF in around 36% of the cases with around 50% of adult cases showing regional wall motion abnormalities. Interestingly, all of the pediatric cases showed pericardial fluid suggestive of increased incidence of pericardial disease in pediatric population affected by Salmonella. 

The most common etiological agent overall was S. Enteritidis (40%). This is in concordance with a Malaysian retrospective analysis of 55 patients with NTS bacteremia, which showed that S. Enteritidis had the maximum blood invasiveness[28]. The overall mortality in our patients was around 20% with 40% of patients requiring ICU stay. Antibiotic therapy is not recom​mended for NTS gastrointestinal infections. However, it should be considered if patients are at risk for invasive disease (age > 50 or neonates, immuno​suppressed, sickle cell patients and those with vascular abnor​malities)[27]. Treatment of myocarditis caused by NTS has not been detailed in any study, but in essence it can be treated as NTS bacteremia or as a life threatening infection. In those cases affected by life threatening infections, treatment should be started with both, a third-generation cephalosporin and a fluoroquinolone until the susceptibility is known[32]. Ninety percent of the patients included in this review received antibiotic treatment.

Results of this systematic review of published cases shows that NTS myocarditis occurs predominantly in young adults and carries a poor prognosis. The initial diagnostic approach is similar to myocarditis due to other etiologies and includes ECG, TTE and CXR. Upon diagnosis, patients should receive supportive therapy for myocarditis in addition to antibiotics. Mortality appears to be high as with all bacterial myocarditis and ICU admission is warranted in a large number of cases. Salmonella infections are a rare cause of myocarditis but should always be considered in cases presenting with features of myocarditis and evidence of Salmonella infection in the absence of viral etiology. 

COMMENTS
Background
Salmonella species are bacteria that are responsible for significant morbidity and mortality in both developing and developed nations. They are responsible for a wide spectrum of disease including enteric fever or typhoid fever (S. Typhi and S. Paratyphi) and a range of clinical syndromes including diarrheal illness caused by a group of bacteria known as non-typhoid Salmonella (NTS). In rare circumstances Salmonella can cause inflammation of the myocardium (myocarditis).

Research frontiers

To the best of our knowledge, no systematic review of NTS myocarditis has previously been published. The authors carefully analyze the available literature on NTS myocarditis in order to describe the epidemiological distribution, diagnostic trends and prognosis of this condition.

Innovations and breakthroughs

Salmonella Enteritidis was the most common pathogen identified in these cases. Around 30% of patients had bacteremia and 100% of pediatric patients had either stool or blood culture positive for Salmonella. Fever, abdominal pain and chest pain were the most common presenting symptoms and ST segment elevation was the most frequent electrocardiogram finding. Around 70% of patients had positive cardiac biomarkers (creatine kinase and/or Troponin). Mortality appears to be high as with all bacterial myocarditis and intensive care unit admission is warranted in a large number of cases.

Applications 

Salmonella infections are a rare cause of myocarditis but should always be considered in cases presenting with features of myocarditis and evidence of Salmonella infection in the absence of viral etiology. 

Terminology
Salmonella species are gram-negative bacteria that cause a wide range of diseases. S. Berta, S. Typhi, S. Paratyphi, S. Enteritidis, etc., are all serotypes of the Genus Salmonella. However, based on clinical syndromes, i.e., causation of enteric fever, salmonella can be divided into typhoid salmonella and NTS. Myocarditis is an inflammatory condition of the muscular wall of the heart.
Peer-review

NTS infection involving myocarditis is rare, and the current case presentation and systemic review of the disease is therefore unique.
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Figure Legends
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Figure 1  Electrocardiogram on admission with ST segment changes; ST segment depression in V1 and V2 with ST segment elevations in V5 and V6.
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Figure 2  Cardiac magnetic resonance imaging findings. Cardiac magnetic resonance demonstrates pathological delayed gadolinium enhancement (as indicated by arrows). A: Long axis view: Delayed enhancement of the myocardium demonstrates subepicardial and mid myocardial enhancement indicative of myocarditis; B: Short axis view: Delayed enhancement of the myocardium demonstrates subepicardial and mid myocardial enhancement indicative of myocarditis.
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Figure 3  Flow chart of literature review. 
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Figure 4  Distribution of Salmonella species in all cases, including pediatric cases.
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Table 2  Clinical, electrocardiographic, laboratory, and imaging findings of non-typhoid Salmonella myocarditis


�
n (%)


�
n1


�
�
Culture


�
�
�
�
   Blood


�
    7 (29.1)


�
24


�
�
   Stool


�
  16 (66.6)


�
24


�
�
   Myocardial biopsy


�
  1 (4.1)


�
24


�
�
Presenting sign or symptom


�
�
�
�
   Dyspnea


�
 6 (25)


�
24


�
�
   Chest pain


�
  15 (62.5)


�
24


�
�
   Fever


�
  16 (66.6)


�
24


�
�
   Diarrhea


�
    5 (22.7)


�
22


�
�
   Abdominal pain


�
  15 (71.4) 


�
21


�
�
   Hypotension


�
    5 (21.7)


�
23


�
�
   Tachycardia


�
  13 (56.5)


�
23


�
�
ECG abnormalities


�
�
�
�
   ST elevation


�
  12 (52.1)


�
23


�
�
   ST depression


�
    4 (17.3)


�
23


�
�
   T-wave inversion


�
 6 (26)


�
23


�
�
   Infero-lateral


�
  12 (52.1)


�
23


�
�
   Antero-lateral


�
 6 (26)


�
23


�
�
Inflammatory markers


�
�
�
�
   WBC > 10000/mm3


�
 8 (40)


�
20


�
�
   Elevated troponin


�
    9 (69.2)


�
13


�
�
   Elevated CK 


�
  10 (66.6)


�
15


�
�
   Elevated ESR or CRP


�
   9 (100)


�
  9


�
�
TTE


�
�
�
�
   Reduced ejection fraction


�
    4 (36.4)


�
11


�
�
   Regional wall motion abnormality


�
    5 (45.5)


�
11


�
�
Chest X-ray


�
�
�
�
   Cardiomegaly


�
    3 (27.7)


�
11


�
�
   Pulmonary edema


�
    3 (27.7)


�
11


�
�
   CMR


�
   2 (100)


�
  2


�
�
1Based on reported data. ECG: Electrocardiogram; WBC: White blood cell count; CK: Creatine kinase; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; TTE: Transthoracic echocardiogram; CMR: Cardiac magnetic resonance imaging.














Table 1  Diagnostic testing for reported case


Diagnostic test


�
Result


�
�
Hemoglobin


�
12.5 g/dL


�
�
WBC


�
6.9 × 109/L


�
�
Kidney function and electrolytes


�
Within normal limits


�
�
Alkaline phosphatase


�
33 IU/L


�
�
Aspartate aminotransferase


�
42 IU/L


�
�
Lactate dehydrogenase 


�
325 IU/L


�
�
Troponin Ⅰ (at presentation)


�
6.23 ng/mL


�
�
Troponin Ⅰ (6 h later)


�
13.2 ng/mL


�
�
ECG


�
ST depression in V1 and V2 with ST elevations in V5 and V6


�
�
TTE


�
EF of 40% with no regional wall motion abnormalities or pericardial fluid


�
�
CMR


�
Multiple areas of abnormal sub-epicardial and mid-myocardial contrast hyper enhancement involving the posterior, inferior and anterior walls of the left ventricle, the anterior wall of right ventricle and the inter-ventricular septum reflecting multifocal biventricular myocarditis


�
�
WBC: White blood cell count; ECG: Electrocardiogram; TTE: Transthoracic echocardiogram; CMR: Cardiac magnetic resonance imaging; EF: Ejection fraction.
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