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Abstract

The main objective of this work was to explore the bacteriological profile of postmortem blood cultures in a small case series of medico legal autopsies diagnosed with sudden cardiac death compared to non-cardiac origin deaths. Cardiac injury markers were determined in blood samples by an immunoassay kit in both groups to reinforce sudden cardiac death diagnosis. In sudden cardiac death group (n=20), cultures were positive to Escherichia coli (50%; 10/20), Staphylococcus aureus (20%; 4/20), Klebsiellapneumonie (20%; 4/20), Candida albicans (15%; 3/20) and Staphylococcus epidermis (10%; 2/20). Non-cardiac origin death group (n=8) were positive to E. coli (25%; 2/8). Sudden cardiac death cases showed significant (p<0.05) higher levels of cardiac troponins I and T compared to control. Postmortem blood cultures in this study had a sensitivity of 100%, a specificity of 75%, a positive predictive value of 91% and a negative predictive value of 97%. Although the sample size was small; we conclude that a positive postmortem blood culture isolating pathogenic bacteria is a marker of systemic infection and it conditions a higher risk of sudden cardiac death in chronic patients.
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Introduction

Sudden cardiac death (SCD) causes over 17 million deaths annually or 30% of all global mortality, one of the highest incidences worldwide. Ventricular tachyarrhythmia is present in 80% of the cases as the main cause, and it means 40-50% of all cardiovascular deaths [1]. Infectious diseases have been associated with cardiac illness leading to SCD, in a wide range of agents, such as parvovirus B19, human immunodeficiency virus (HIV), tuberculosis, lactococcus, B-group streptococci, influenza A/H1N1, Rickettsia, Epstein-Barr virus (EBV) and staphylococcal disease. All these agents induce cardiovascular pathology by causing endocarditis/endarteritis, affecting cardiac rhythm and enhancing prothrombotic states; affecting both adults and children by equal. Molecular mechanisms underlying SCD associated to infectious diseases remains to be unclear [2-10].

Postmortem bacteremia (PB) may occur during early postmortem changes because these changes facilitate the access of the human microbiota to capillary circulation. Thus, postmortem blood cultures (PMBC) growing non-pathogenic bacteria should be considered caused by PB, but not necessarily a case of sepsis [11]. In the other hand, growing of pathogenic bacteria in a PMBC should become suspicious of sub-acute or chronic systemic infectious disease (e.g. bacterial endocarditis) [12]. Frequently, viral myocarditis cases show no gross signs of cardiac pathology, until microscopic inflammatory cell infiltrated is observed in histopathologic study. In these cases, viral cultures and serology must be performed [13]. The main objective of this work was to explore the bacteriological profile of PMBC in a small series of medico legal autopsy cases diagnosed with SCD compared to non-cardiac origin deaths (NCOD).

Methods

Subjects and protocol

The study was conducted at the Medical Examiner's Office of the Institute of Forensic Medicine at the Universidad Veracruzana (UV). In all SCD cases, the fainting of the patients was witnessed by third parties, occurring either at home or on the public road. We also included cases in which patients went to a hospital after developing cardiac symptoms, dying while they were transferred to an emergency room, not being admitted for this reason. These clinical backgrounds required a forensic autopsy per legal procedures. Main diagnosis of these cases was compatible with cardiogenic shock, per external and internal signs of acute cardiac failure observed during autopsy by the medical examiner. The study also included eight bodieswith a diagnosis of violent death (NCOD) admitted for a judicial autopsy, as control group. All recommendations of the Research Commission at the Instituto de MedicinaForense and the Ethics Committee of the Universidad Veracruzana were followed. The inclusion criteria involved corpses with a postmortem interval of up to 8-h determined through the clinical history and an evaluation of early postmortem changes. The bodies arrived at the autopsy room and were kept at room temperature of 21°C given by the air-conditioning. Forensic autopsies were performed in the following 2-h of arrival, collecting and processing blood samples with priority. To reinforce the diagnosis of SCD, we used immunoassay method, the same one used in clinical practice using commercial kits, accessible to any laboratory to determine troponins and other cardiac injury biomarkers. Degradation of the protein can modify the reading, and this occurs with the decrease in the pH levels and the progressive bacterial enzymatic activity in postmortem intervals greater than 8-h, for this reason, we did not include cases with a longer postmortem interval.

Blood sampling and cultures

Blood samples were taken from the pulmonary artery using an aseptic puncture technique. Briefly, dissection of the body was performed by a technician cleaning the skin with ethanol 70%, changing to sterile gloves and using sterilized surgical instruments when entering to thoracic cavity, exposing the pulmonary artery to the sample collector. By aseptic technique, sample collector used a heat seal on the site of puncture to prevent external contamination just before puncturing and filling of a commercial vacuum system without anticoagulant (Vacutainer ™ , Becton-Dickinson). Blood sample was taken to laboratory and incubated in a bacteriological stove for 24-h at 36°C in stabilizing medium (liquid phase: 30 ml biotriptase, Sodium Polyanethole Sulfonate 0.04%; solid phase: 25 ml biotriptase, agar). After incubating, the sample was inoculated in four culture plates, each containing one of the following media: blood-agar, MacConkey-agar, manitol salt-agar, chrome- agar. Once inoculated, plates were placed in stove at 36°C, for incubating up to 72-h. After this time, if there was no bacterial growing, the result was considered negative. If bacterial growing was detected in mannitol-salt agar, we used coagulase test for identification of Staphylococcus Sp. Identification of all microorganisms was made per characteristics of growth and morphology of each species.

Analysis of cardiac injury biomarkers

All determinations for cardiac injury markers were performed on blood samples obtained from pulmonary artery, as explained before, using heparin and ethylenediaminetetraacetic acid (EDTA) as an anticoagulant. Also, another sample without anticoagulant was taken in each case. Samples were stored at 80°C for further analysis. The MB fraction of creatine kinase, myoglobin, and troponin I was determined with the fluoro immunoassay method using Alere Triage ® MeterPro equipment (Alere Cologne, Germany). Troponin T was determined by an immunoassay method using a Roche Cobas ® h 232 Troponin T analyzer (USA). An enzymatic colorimetric method (Bayer, Germany) and RA-50 Chemistry Analyser equipment (Bayer, Germany) were used for the determination of lactate dehydrogenase.

Statistical analysis

Data were expressed as means standard deviation (x + SD). Statistical significance was determined by variance analysis procedures, with a post hoc Tukey multiple range test for comparison of means (p < 0.05). Data were analyzed using an iBMCSPSSc, " Escherichia coli," "Klebsiella pneumoniae" Package, version 20, 2011.

Results

Differences between bacteriological profile of SCD cases compared to NCOD cases

SCD group had 20 cases, from subjects deceased by acute cardiac failure (i.e. cardiogenic shock) diagnosed per medical examiner after autopsy performance. There were 14 males and 6 females in this group, with an age-rank within 37 to 81 years, (Mean: 58.7 ± 12.8). All cultures for this group grew one or more microorganisms. The genus and the different isolated species are summarized in Table 1. The most common grampositive bacteria species identified were Staphylococcus aureus and Staphylococcus epidermis. The most common gram-negative bacteria were Escherichiacoli, and Klebsiellapneumoniae. In addition, within the unicellular microorganism's fungi or yeasts, Candida albicans was also isolated.

NCOD group, used as control, had a total of 8 cases deceased by polytrauma (2/8; 25 %), asphyxia (4/8; 50 %) and sharp force injury (2/8; 25 %) (Table 2) All cases of this group were male. Age-rank oscillated from 21 to 59 years (Mean: 36.3 ± 11.4). Only two of these cultures (asphyxia) were positive, growing colonies of E. coli, but no other microorganism was detected in blood cultures of this group.

Overall, five bacterial species were isolated from autopsy cases diagnosed with SCD and one species of cases with diagnosis NCOD (Table 3). All of the pathogens Escherichiacoli were present 50% (10/ 20) of cases. Staphylococcus aureus and Klebsiellapneumoniae, each species was present in 20% (4/20) of SCD cases. Interesting, three of these SCD cases presented mixed blood cultures of Candida albicans coexisting with E. coli (15%). Staphylococcus epidermis was isolated in 2/20 cases (10%). In the case of the control group, E.coli represented 25%. Some blood cultures had more than one bacterial species, so the percentage of the sum is greater than 100.

Biochemical analysis of cardiac injury markers

To reinforce SCD diagnosis, we determined cardiac injury markers in blood samples obtained from all cases of this study using commercial kits for creatine kinase MB (CK-MB), myoglobin (MB), lactate dehydrogenase (LDH), cardiac troponin I (cTn-I) and cardiac troponin T (cTn-T), as described in methods. Surprisingly, we found CK-MB levels significant (p < 0.01) higher in NCOD than SCD group; nevertheless, cTnI and cTnT levels raised significant (p< 0.05) higher in SCD group compared to control. Average values of cardiac injury markers compared between groups are shown in Table 4.

Discussion

This study aimed to explore the bacteriological profile of PMBC in SCD cases compared to NCOD cases. We found data suggesting that SDC cases are prone to develop PB. Several studies had described the presence of bacteremia or systemic infectious disease in life-threatening complications, including SCD [14,15]. It has been proposed that sudden unexpected death in infancy (SUDI) is caused by common bacterial toxins produced mainly, but not exclusively, by upper respiratory tract bacteria [16]. Our results suggest this is possible for adults too. Microorganisms isolated from these cultures have different implications depending on context. E. coli was the most frequent characterized bacteria in SDC blood cultures; however, this bacterium is part of the gut microbiota in humans. A few hours after death, E. coli reaches gross vessels and disseminate by entering to capillaries of the intestinal mucous membrane, according to postmortem bacterial transmigration theory [11]. We could consider that cultures positive to this bacterium are frequent for this reason and does not mean necessarily a systemic disease. Instead, E. coli is one of the most commonly isolated bacteria in urinary tract infections, and could induce sepsis, depending on predisposing factors (e.g. chronic illness like diabetes and carcinoma) and virulence of strains; as well as genome differences between E. coli isolated from septicemia cases has been reported previously [17]. This fact should be considered in cases where inflammatory and degenerative changes in kidney parenchyma are observed during autopsy. Bacterial cultures should be practiced from kidney tissue in these cases [13].

Our results found that S. aureus and K. pneumoniae are the second most commonly isolated microbes from our SDC cases. This result is like others describing bacteremia in natural death cases of patients with multiple diagnostics of chronic pathology [12]. Both bacteria are pathogenic and could cause system pathology (e.g. urinary tract/upper and lower airway infections) as well as an acute or chronic disease [18,19]. They are antibiotic resistant, making eradication difficult [20,21]. Enzymes like coagulase, produced by S. aureus, favors disseminated intravascular coagulation by converting fibrinogen to fibrin. Other molecules on the bacteria surface induce inflammatory states in organs and tissues of the host (e.g. myocardium and endothelium) [22,23]. All these facts contribute to increase the SCD risk [16].

S. epidermis, a non-usually pathogenic germ that forms part of human skin microbiota, is often isolated in contaminated cultures. This bacterium could reach systemic circulation by means of a skin injury (e.g. ulcers, wounds, eschars, abrasions). Once in the blood stream, this bacterium turns pathogenic causing systemic disease depending on host conditions [24,25]. We found two cases positives to S. epidermis. We cannot rule out the possibility of sample contamination. However, one of these cases was an 81-years old male with presence of skin lesions, explaining this result (Table 1).


Table 1:   Characteristics and bacterial species isolated from postmortem blood culture of SCD cases.

[image: ]




Postmortem interval (PI); Escherichia coli (E. coli); Klebsiellapneumonie (K. pneumonie); Candidaalbincas (C. albicans); Staphylococcusaureus (S. aureus); Staphylococcus epidermis (S. epidermis).



We obtained two positive cultures for C. albicans, one of the most common opportunistic germs in microbial pathology isolated in the blood stream [26,27]. These cases coexisted with positive cultures for E. coli, in vitro association of this germs has been reported to improve resistance and virulence of bacteria through fungal glucans [28]. Chronic patients often had a degree of impaired immune response, and we believed this condition elicits co infection. At last, we found these cases were afflicted by metabolic syndrome according to medical records. None of the NCOD cases had a culture positive for pathogenic bacteria, being positive for two cases of E. coli. Despite this, we consider the need of a larger control group, without impairing a longer case series for a more representative study. Also, the averageage in both groups was significantly different (SCD: 58.7 ± 12.8, vs NCOD: 36.3 ± 11.4; p<0.01) and this fact influence clinical backgrounds, being older patients the most exposed to chronic illness and systemic infections.

Finally, we measured cardiac injury markers to reinforce SCD diagnosis. As expected, SCD group raised significant higher levels of cardiac troponins than NCOD. This data supports the acute cardiac failure diagnosis determined by medical examiner after practicing medico legal autopsy of these cases. Biochemical assays are an easier and faster way to confirm the diagnosis, compared to histological techniques, despite the cost. The significant higher levels of CK-MB in NCOD cases do not affect diagnosis since cardiac troponins are highly specific and sensitive for cardiac injury in vivo and postmortem [29,30]. Besides CK-MB levels are higher in death by asphyxia [31] and 50% of the control cases died in this manner (Table 2). Curiously, two of the four asphyxia cases were positive for E. coli.


Table 2:   Characteristics and bacterial species Isolated from postmortem blood culture of NCOD cases.
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Postmortem interval (PI); M (Male); Escherichia coli (E. coli).



All isolated bacterial species were reported and more than one bacterial species was occasionally identified, observing the percentage of sum greater than 100%. The values are

On the other hand, the value of a pathological test is best expressed in terms of sensitivity and specificity. This allows that values of predictive positive (PPV) and negative (NPV) value be calculated at different probability to priority levels. In this study, we report a series of cases in which blood cultures were obtained at < 8 hours after death. Of 28 cases in 6 (21.4%) there was no bacterial growth, 19 (67.9%) grew a simple microorganism and in 3 cultures produced 2 microorganisms (10.7%). In 20 cases, the postmortem diagnosis indicated acute cardiac failure; all these cases gave positive blood cultures. In the 8 cases, the diagnosis indicated non-cardiac death, 2 cultures were positive and 6 negative. From these figures, a positive blood culture can be calculated as a marker of asubacute systemic infection, when the isolated microbe is known to be pathogenic. Therefore, this series of cases had a sensitivity of 100%, a specificity of 75% and a PPV of 91%, and an NPV of 97%. In addition, in SCD cases were met microorganisms in blood that were not expected and apparently unrelated to the cause of death (E. coli, S. epidermis, and C. albicans). However, S. aureus and S. pneumoniae were found, which their presence correlates with the cause of death.

In Summary, our study shows that in this small case series, SCD trends to be positive for PMBC compared with NCOD. In these cultures, E. coli is commonly isolated and this germ is usually part of gut microbiota in humans, but in some circumstances, it could induce systemic disease, as well as other non-pathogenic or opportunistic germs (e.g. S. epidermis, C. albicans). "S. aureus "and "K. pneumoniae"are the most frequent pathogenic bacteria isolated in these cases, and these bacteria are directly related to systemic and chronic diseases. In this order of ideas, clinicians must diagnose opportunely subacute infections of these or other pathogenic germs and eradicate them to avoid elevated risk of sudden cardiac death in chronic patient. In this study, the degree of bacterial detection ranged from 25 to 100% positive samples at < 8 hours, with species of five main groups of bacteria coming from postmortem fluid (pulmonary artery blood).Within the most pathogenic S.aureus and K.pneumoniae were found. Also, SCD cases showed significantly higher postmortem levels of troponin I (cTn-I) and troponin T (cTn-T). Our results suggest that the usefulness of blood cultures and biomarkers of cardiac damage obviously contributes as an aid tool to detect potentially infectious deaths in case of uncertain deaths and detection of deaths due to unexpected or sudden deaths. This information can be valuable for daily practice and future studies in the value of bacteriology autopsy, forensic biochemistry, and criminal medicine.


Table 3:   Summary of the distribution and number of bacteria identified in the SCD and NCOD groups.
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All isolated bacterial species were reported and more than one bacterial species was occasionally identified, observing the percentage of sum greater than 100%. The values are displayed as absolute numbers and percentages (%).




Table 4:   Postmortem profile of cardiac injury markers related to SCD and NCOD cases.
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Values are mean ± SD. *P<0.05; **P<0.01 vs corresponding data in NCOD group.
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