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Abstract

Post-mortem diagnosis of sepsis is often very difficult to make,
especially in the elderly affected by multiple comorbidities. However,
clinical evaluation following histology, immunohistochemistry, micro-
biological tests, immunoassays and proteomics can improve reliability
of this post-mortem diagnosis. Clin Ter 2021; 172 (1):e60-62. doi:
10.7417/CT.2021.2284
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Sepsis is a global health problem which is expected to in-
creasingly affect health care systems, especially in the wake
of the Sars-CoV-2 pandemic (1). In the last decade, sepsis
has been increasingly found on Internal Medicine wards (2),
due to ageing population and multiple-morbidity (3).

Sepsis diagnosis requires a conscious clinical eye, early
recognition and treatment to reduce morbidity and mortality.
However, identifying a septic patient may not be straightfor-
ward, due to an absence of signs and symptoms, especially
in elderly patients with various comorbidities and sometimes
the diagnosis is too late.

Coroners may request autopsies be performed on people
who died from suspected sepsis, or during their hospital
stay, in order to assess whether there has been any medical
malpractice or other failures of care (4,5).

Post-mortem diagnosis of sepsis presents several diffi-
culties which are often linked to the lack of complete and
adequate health records that could suggest or demonstrate
the process of the patient deteriorating into a septic state.
Moreover, in sepsis, pathological findings are often non-
specific, and can often be compatible with different clinical
pictures. Mortality is also closely related to the presence of
organ dysfunction (consequence of the syndrome and its
severity marker).

There are no specific macroscopic anatomic-pathological
characteristics of “sepsis”; even the so-called “septic spleen”
has no objective value, and “shock lung” or “acute tubular
necrosis” are difficult to identify because of the transforma-
tive phenomena undergone by the corpse.

Even the histological picture does not provide a conclu-
sive diagnosis of sepsis or sepsis-related death. The cardiac
finding most often detected in patients who died from
sepsis is sepsis-related myocardial dysfunction, which is
generally called hibernating myocardium. In the hibernating
myocardium, cardiomyocytes show a reversible depressed
contractility and ultrastructural and biochemical changes
(6). Septic myocardial calcification represents another
nonspecific finding (7). However, in the brain, micro and
macroscopic features do not change or, at least, are not a
direct expression of sepsis or septic shock.

Certainly, the most characteristic findings are observa-
ble in the lungs: a microscopic picture of diffuse alveolar
damage (DAD), alveolar collapse with haemorrhage and
oedema, intra-alveolar neutrophils and erythrocytes. Cle-
arly, these findings support a diagnosis of lung infection,
but not of sepsis.

In the last few years, several studies focused attention
on the importance of immunohistochemistry to prove the
expression of different inflammatory markers on organs
involved by sepsis.

Numerous studies demonstrate that leukocyte cells mar-
kers, especially of the myelomonocyte line, such as CD15,
LF, LZ, CX3CR1, CCR2, and VLA-4 are involved. Other
studies, imply that molecules expressed by vascular endo-
thelium, such as ICAM-1, E-selectin, VE-cadherin, and ACE
are present. Furthermore, specific mediators and targeting
molecules such as TNFo, PCT, VEGF, and s-TREM-1 have
been studied (8, 9,10).

Moreover, immunohistochemistry could allow us to
identify pathogens on tissue samples collected during the
autopsy by demonstrating the presence of bacterial or viral
membrane antigens (11).

Post-mortem PCR, a microbiological diagnostic, could
also be an important aid in the post-mortem diagnosis of
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sepsis (12, 13). The PCR could be used for testing various
organic samples, liquid or solid (i.e. liquor, blood, pericardial
effusion...) with acceptable sensitivity and specificity.

Naturally, the validation of the result needs appropriate
technical precautions during the draw to minimise the risk
of sample contamination.

Indeed, during the interpretation of the microbiological
post-mortem samples there are a lot of variables which must
be taken into account. Particular attention should be paid for
the examination of gastrointestinal, respiratory and urinary
tracts, which are rich of bacterial flora (14).

Every time a microorganism is isolated in a bacterial cul-
ture, the examiner should distinguish if it is a real pathogen
or an ordinary commensal. Additionally, is important to eva-
luate if the isolated bacterium comes from other sites of the
body, since such event is possible throughagonal diffusion of
the microorganism viapre-existing breaches in the mucosa
or through ruptures induced by attempts of resuscitation.
Furthermore, it is important to rule out the possibility of a
samplescontamination during the autopsy.

Also, immunology and proteomics could provide the
forensic pathologist with further information to make dia-
gnosis of sepsis-related death.

The immunological quantification of specific biomarkers
in biological fluids (i.e. PTC, PCR, TNF and IL-10) is a
useful tool in the identification of biomolecular responses
against infectious insults, thus explaining sepsis-related
organ alterations and death (15, 16).

Proteomics is the study of the set of proteins expressed
in tissue, cell or in organism at a given time. Hinkelbein et al
(17) found particular changes in theexpression of 40 serum
proteins in rats affected by sepsis.

In view of the above, it seems clear that post-mortem
diagnosis of sepsis results extremely difficult. Thus, patho-
logists should take in consideration not only clinical and
pathological data, but also lab results and immunohistoche-
mical and microbiological findings.

Only considering all of this information together it is
possible to reachthe difficult post-mortem diagnosis of sepsis
with a reasonable degree of certainty.

In conclusion, the forensic pathologist to arrive at a
correct diagnosis of sepsis must follow a multidisciplinary
approach (18, 19, 20, 21).

Conflict of interest statement
The authors declare that there are no conflicts of inte-
rest.

Funding
None.

Ethical approval
Not required.

References

1. Maiese A, Passaro G, Matteis A, et al. Thromboinflammatory
response in SARS-CoV-2 sepsis. Med Leg J. 2020; 88(2):78-
80. doi:10.1177/0025817220926915

2. Zaccone V, Tosoni A, Passaro G, et al. Internal Medicine
Sepsis Study Group. Sepsis in Internal Medicine wards:

10.

11.

12.

13.

14.

15.

16.

current knowledge, uncertainties and new approaches for
management optimization. Annals of Medicine, 2017, 49.7:
582-592.

Singer M, Deutschman CS, Seymour CW, et al. The third
international consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA. 2016; 315:801-810

Maiese A, Manetti AC, La Russa R, et al. Autopsy findings
in COVID-19-related deaths: a literature review. Forensic
Sci Med Pathol. 2020 Oct 7:1-18. doi: 10.1007/s12024-020
-00310-8.

Maiese A, Russa R, Santoro P, et al. Future litigation after
Covid-19 pandemic in Italy [published online ahead of
print, 2020 Jul 10]. Med Leg J. 2020;25817220938004.
doi:10.1177/0025817220938004

Chopra M, Sharma AC. Distinct cardiodynamic and molecular
characteristics during early and late stages of sepsis-induced
myocardial dysfunction. Life Sci. 2007; 81(4):306-316.
doi:10.1016/j.1f5.2007.05.021

Maiese A, Manetti F, La Russa R, et al. Septic myocardial
calcification: A case report. J Forensic Leg Med. 2019;65:45-
47. doi:10.1016/j.jflm.2019.05.004

Maiese A, Del Nonno F, Dell’ Aquila M, et al. Postmortem di-
agnosis of sepsis: A preliminary immunohistochemical study
with an anti-procalcitonin antibody. Legal medicine (Tokyo,
Japan), 2017, 28: 1.doi:10.1016/j.legalmed.2017.07.002

La Russa R, Maiese A, Viola RV, et al. Searching for highly
sensitive and specific biomarkers for sepsis: State-of-the-art in
post-mortem diagnosis of sepsis through immunohistochemi-
cal analysis. International Journal of Immunopathology and
Pharmacology, 2019; 33:2058738419855226

Maiese A, Bolino G, Mastracchio A, et al. An immuno-
histochemical study of the diagnostic value of TREM-1 as
marker for fatal sepsis cases. Biotechnic & Histochemistry,
2019; 94.3: 159-166. doi:10.1080/10520295.2018.1535138
Maiese A, La Russa R, Passaro G, et al. Fatal Epstein-Barr
virus infection in an immunocompetent host: a postmortem
diagnosis. Forensic science, medicine, and pathology, 2020;
doi:10.1007/512024-020-00254-z

La Russa R, Maiese A, Di Fazio N, et al. Post-Traumatic
Meningitis Is a Diagnostic Challenging Time: A Systematic
Review Focusing on Clinical and Pathological Features.
International Journal of Molecular Sciences, 2020; 21.11:
4148. doi:10.3390/ijms21114148

Riedel S. The value of postmortem microbiology cul-
tures. Journal of Clinical Microbiology, 2014; 52.4: 1028-
1033. doi:10.1128/JCM.03102-13

Geraci G, Lena A, D’Orazio B, et al. A rare clinical entity:
stump appendicitis. Case report and complete review of
literature. Clin Ter. 2019; 170(6):e409-e417. doi: 10.7417/
CT.2019.2167

Tsokos M, Reichelt U, Nierhaus A, et al. Serum procalcitonin
(PCT): a valuable biochemical parameter for the post-mortem
diagnosis of sepsis. International journal of legal medicine,
2001; 114.4-5: 237-243. doi:10.1007/s004140000177
Tsokos M, Reichelt U, Jung R, et al. Interleukin-6 and C-
reactive protein serum levels in sepsis-related fatalities during
the early postmortem period. Forensic science international,
2001, 119.1: 47-56. doi:10.1016/s0379-0738(00)00391-1
Hohn A, Iovino I, Cirillo F, et al. Bioinformatical analysis
of organ-related (heart, brain, liver, and kidney) and serum
proteomic data to identify protein regulation patterns and
potential sepsis biomarkers. BioMedresearchinternational,
2018, 2018. doi:10.1155/2018/3576157



62

G. Passaro, et al.

18.

19.

Gitto L, Serinelli S, Busardo FP, et al. Can post-mortem
computed tomography be considered an alternative for au-
topsy in deaths due to hemopericardium? J Geriatr Cardiol.
2014 Dec;11(4):363-7. doi: 10.11909/j.issn.1671-5411
.2014.04.013

Gitto L, Bonaccorso L, Maiese A, et al. A scream from the
past: a multidisciplinary approach in a concealment of a corp-
se found mummified. J Forensic Leg Med. 2015 May;32:53-8.
doi: 10.1016/j.jim.2015.02.017

20.

21.

Maiese A, Gitto L, dell’Aquila M, et al. A peculiar case
of suicide enacted through the ancient Japanese ritual of
Jigai. Am J Forensic Med Pathol. 2014 Mar;35(1):8-10. doi:
10.1097/PAF.0000000000000070

Arunkumar P, Maiese A, Bolino G, et al. Determined to Die!
Ability to Act Following Multiple Self-inflicted Gunshot
Wounds to the Head. The Cook County Office of Medical
Examiner Experience (2005-2012) and Review of Literature.
J Forensic Sci. 2015 Sep;60(5):1373-9



