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Abstract
Depending on the stage of the disease, autopsy findings of COVID-19 may include a spectrum of cardiopulmonary patholo-
gies including alveolar hyaline membrane formation, vascular thrombosis, and intracardiac thrombi. Identification of a 
COVID-19 positive decedent in the absence of clinical history relies primarily on post-mortem nasopharyngeal (NP) or 
oropharyngeal (OP) swabs for real time polymerase chain reaction (RT-PCR). In the absence of definitive microbiology 
testing, post-mortem computed tomography (PMCT) may be a powerful adjunct tool for screening. Persistence of patho-
logical changes may prolong physiological alterations and increase the risk of cardiopulmonary compromise. This current 
case outlines the forensic presentation, utilization of screening tools including PMCT, and the autopsy findings of a recent 
toxicology related sudden death case in the context of severe sequelae of COVID-19 pneumonia. This case demonstrates 
the limitation of NP and OP swabs in the post-mortem setting, the value of PMCT as an adjunct screening tool, and raises 
the consideration of COVID-19 sequelae as a potential contributing risk factors in sudden death cases in the community.
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Introduction

The novel human coronavirus (COVID-19) pandemic poses 
a major public health challenge globally. COVID-19 trans-
missions are primarily through the respiratory system via 
droplets or contact with secretions [1], and hospital autopsy 
pathology has been crucial in elucidating the clinical course 
and anatomical sequelae of the disease to guide manage-
ment [2]. Sudden deaths in the community due to COVID-19 
infections have also been a major concern given the rapid 
spread of the virus among vulnerable populations, particu-
larly the residents of long-term care homes or those with 
history of opioid abuse [3, 4]. Pathological findings of 

COVID-19 in the community could present on a spectrum of 
severity compared to pathologies described in hospital cases 
[1, 5], and documenting decedents’ comorbidities may shed 
light on how COVID-19 infection interact with existing con-
ditions. Therefore, post-mortem forensic investigation plays 
an integral role in expanding pathological knowledge of 
COVID-19 and understanding its community health impacts.

In sudden death investigations, decedents are of various 
age, sex, health status, and socioeconomic backgrounds, and 
forensic pathologists are uniquely positioned to document 
the broad spectrum of COVID-19 presentations from the 
community at large. However, with limited records and his-
tories, working with potentially infectious cases presents a 
health and safety risk for autopsy personnel. At our institu-
tion, suspicion of COVID-19 infection during necropsies 
would prompt post-mortem swabs for quantitative real time 
PCR (RT-PCR). Post-mortem swabs are minimally inva-
sive and easy to perform, but false negative results have 
been reported despite convincing pathological findings of 
COVID-19 during autopsy [5]. Post-mortem RT-PCR has 
a reported sensitivity of 96.8% within 1 week of death [6], 
however post-mortem computed tomography (PMCT) may 

 *	 Jayantha C. Herath 
	 Jayantha.Herath@ontario.ca

	 Youheng Xie 
	 yox617@mail.usask.ca

1	 Department of Laboratory Medicine and Pathobiology, 
University of Toronto, Toronto, ON, Canada

2	 Ontario Forensic Pathology Service, Ministry of Solicitor 
General, 25 Morton Shulman Avenue, Toronto, 
ON M3M OB1, Canada

/ Published online: 19 October 2021

Forensic Science, Medicine and Pathology (2022) 18:69–73

http://orcid.org/0000-0003-3482-9362
http://crossmark.crossref.org/dialog/?doi=10.1007/s12024-021-00435-4&domain=pdf


1 3

be a helpful alternative should swab results be inconclusive 
or incompatible [7].

In this case report, we describe findings of advanced and 
persistent sequelae of COVID-19 pneumonia in a dece-
dent with history of COVID-19 infection and substance 
use. In addition, we demonstrate the utility of PMCT when 
approaching a suspicious but swab negative case. Finally, we 
explore how sustained pathophysiologic changes of COVID-
19 may increase the risk of sudden death.

Case description

A 51-year-old man was found deceased in the stairwell of a 
parking garage with drug paraphernalia. Twenty days prior 
he had tested positive for COVID-19 and required hospi-
tal admission due to decreased level of consciousness. The 
hospital toxicology report at the time was notable for ben-
zodiazepines, cocaine, and amphetamines. He subsequently 
recovered and was discharged from the hospital.

Given his prior COVID-19 history, per institutional pro-
tocol post-mortem nasopharyngeal (NP) and oropharyn-
geal (OP) swabs were performed which were negative for 
COVID-19. However, post-mortem computed tomography 
(PMCT) demonstrated diffuse ground glass opacities and 
interstitial markings involving all lobes (Fig. 1) compatible 
with COVID-19 pneumonia.

A medicolegal autopsy was performed. The external 
examination documented an Asian male, whose appearance 
correlated to the reported age of 51 years. There were no 
external injuries. A limited evisceration for the chest bloc 

and targeted organ examination was performed as per the 
institutional safety protocol for suspected COVID-19 cases. 
Standard toxicological samples were collected, including 
heart and femoral bloods, and a urine specimen. On macro-
scopic examination the lungs were heavy with the right lung 
weighing 1340 g and the left lung weighing 940 g. On sec-
tioning, the lungs showed bilateral consolidation involving 
all lobes. There were no grossly evident pulmonary emboli. 
The heart weight was within normal limits (410 g), and inci-
dentally there was an adherent thrombus occupying the right 
ventricle. On microscopic examination, the lungs showed 
features of diffuse alveolar damage (DAD) characterized by 
organizing pneumonia with hyaline membrane formation, 
and reactive type 2 pneumocytes (Fig. 2). Organized throm-
bus of the right ventricle was confirmed on histology, along 
with evidence of scattered thrombosis within the pulmonary 
vasculature (Fig. 3). The remainder of the autopsy findings 
included moderate coronary artery disease, and passive 
venous congestion of the liver with chronic hepatitis.

Toxicology results from femoral blood revealed signifi-
cant fentanyl levels above laboratory fatal reference levels 
(> 3 ng/mL) at 15 ng/mL, and N-desalkylflurazepam, an 
active metabolite of benzodiazepine, at 0.014 mg/L. Benzo-
diazepine could synergistically potentiate effects of opioids 
through central nervous system and respiratory depression, 
thereby increasing the risk of fatal opioid overdose. How-
ever, the blood fentanyl quantity was several times above 
the fatal levels in this decedent who also had evidence of 
extensive DAD and thrombosis, therefore the cause of death 
was primarily attributed to fentanyl toxicity with contribut-
ing complications of COVID-19 pneumonia.

Discussion

In this case report, findings of persistent cardiorespiratory 
complications were evident in a decedent with prior history 
of COVID-19 infection and fatal fentanyl toxicity. Macro-
scopic and microscopic examination of the lung tissue dem-
onstrated extensive lobar consolidation with organizing hya-
line membrane formation, and presence of thrombi. These 
findings are consistent with previously reported spectrum of 
autopsy findings in COVID-19 pneumonia [2, 5, 8]. Active 
COVID-19 infection is also associated with increased risk 
of venous thromboembolic events with one report noting 
the incidence of pulmonary embolism to be up to 24% [9, 
10]. In this case report, we also note the presence of a right 
intraventricular thrombosis in addition to findings of pul-
monary thrombosis. Intracardiac thrombi are an uncommon 
cardiac complication of COVID-19 with reported prevalence 
of 2.5% at autopsy [11]. Formation of ventricular thrombus 
may be attributed to endotheliitis due to direct viral effects 
of COVID-19, however specific histological findings of 

Fig. 1   Post-mortem CT scan of the chest revealed ground glass opaci-
ties of the lung parenchyma involving all 5 lobes. Prominent intersti-
tial markings were present and diffuse. These findings were compat-
ible with COVID-19 pneumonia
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endotheliitis are controversial [11]. Clinically intracardiac 
thrombi are diagnosed with transthoracic echocardiogram 
(TTE), and timely resolution of thrombosis require antico-
agulation therapy [12, 13]. In this case, the timeline of the 
right ventricular thrombus formation is unclear as the dece-
dent did not have documented antemortem cardiac imaging 
or history of anticoagulation therapy. Nonetheless, pres-
ence of right ventricular thrombus may serve as a source of 
microscopic emboli to the lungs, thereby increase the risk 
of extensive pulmonary thromboembolism.

Post-mortem NP swabs with RT-PCR are utilized to rule 
out COVID-19 in the autopsy setting to aid in risk reduction 

for staff during necropsies. Nasopharyngeal swabs are pur-
sued in suspected COVID-19 cases due to higher viral load 
within the nasal fossa during acute phase of the infection 
[14]. In this case both OP and NP swabs were utilized 
20  days after initial antemortem swab positivity. Evi-
dence from the literature suggests that positive detection 
of COVID-19 by RT-PCR in the post-mortem period may 
vary with anatomical location of sample collection, there-
fore multiple swabs from the upper respiratory tract was 
recommended [15]. Negative Post-mortem RT-PCR results 
may be attributed to sampling error, remitting infection 
with low viral load, and involvement of lower respiratory 

Fig. 2   Histological sections of from the consolidated lung paren-
chyma. Routine haematoxylin and eosin section a reveals type 2 
pneumocyte hyperplasia and interstitial inflammation. Trichome 

staining b confirms the presence of hyaline membrane formation 
compatible with organizing pneumonia

Fig. 3   Haematoxylin and eosin section form the right ventricle a shows adherent organizing thrombus. Additional thrombi were present in sam-
pled the lung parenchyma b, however macroscopic pulmonary emboli were not evident
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tracts with elapsed time since initial diagnosis [14, 15]. A 
lower respiratory tissue sample was not pursued in this case 
as the decedent had a confirmed antemortem COVID-19 
diagnosis, and routine use of PMCT was performed as per 
institutional protocol. False negative RT-PCR results have 
been reported in the literature and use of computed tomog-
raphy imaging may be more sensitive in suspected cases 
[16–19]. In the absence of microbiology confirmation, CT 
imaging may be a powerful adjunct screening tool. Con-
sistent radiological findings of COVID-19 pneumonia were 
previously demonstrated in a case series utilizing PMCT at 
our institution which highlighted the potential for COVID-
19 screening using PMCT [7]. Unlike in clinical settings, 
routine use of PMCT for screening purposes would not be 
limited by the potential radiation related risks, though inter-
pretation of PMCT would require adequate knowledge of 
common post-mortem artefacts. Additionally, PMCT allows 
the pathologist to plan appropriate dissection approach to 
target pathological findings. In suspected infectious cases, 
such as COVID-19, PMCT may allow the pathologist to do 
limited approaches to minimize pathogen exposure. Despite 
the utility of PMCT, definitive diagnosis of COVID-19 as 
cause of death would require a combination of clinical, 
microbiological, and pathological findings. In our case, we 
reaffirm the potential of PMCT for screening in a case of 
double negative COVID-19 swabs, which allowed for tar-
geted and safe autopsy.

The autopsy findings also raise some additional consid-
erations in sudden death investigation. Namely elucidating 
cause of death in individuals with prior history of COVID-19 
infection and role of persistent cardiorespiratory pathologies. 
In this decedent, a toxic level of fentanyl was detected which 
in isolation could be sufficient for cause of death. However, 
elucidating a cause of death may be more challenging in 
an alternative scenario where sub-toxic levels of substances 
were detected or other competing natural conditions such 
as heart diseases. The concurrent DAD features and vascu-
lar thrombi may suggest that individuals recovering from 
COVID-19 may have lower cardiorespiratory reserve thresh-
olds and therefore be more vulnerable to additional stressors, 
including non-toxic levels of respiratory depressant drugs. 
In this decedent he potentially had multiple pathologies that 
may contribute to poorer cardiopulmonary outcomes. First, 
the decedent may have decreased respiratory capacity due to 
diffusely edematous lungs as evidenced by histological find-
ings of DAD. Second, residual venous thromboembolism 
may result in ventilation perfusion mismatch, which in turn 
increases the risk of respiratory failure. Finally, the presence 
of intracardiac thrombus may precipitate further thrombi for-
mation, right heart failure, or increased risk of arrhythmic 
events with hemodynamic instability [13, 20]. Persistent 
sequelae of COVID-19 pneumonia may pose a sustained risk 
factor for sudden death in individuals recovering from acute 

phase of the disease. Autopsy pathologists should therefore 
be aware of macroscopic, CT and microscopic findings of 
COVID-19 in different stages. Now with the majority of the 
population becoming vaccinated in some countries, atypical 
presentations can present with other disease pathology or 
deaths due to substance abuse.

In summary, this report documents persistent COVID-
19 features in a decedent with prior infection confirmed on 
antemortem testing. Post-mortem NP and OP swabs were 
negative, however use of PMCT demonstrated diffuse opaci-
ties of both lungs, in keeping with COVID-19 pneumonia. 
PMCT is a powerful non-invasive screening tool which 
enable safe practices in a potentially infectious cases and 
allows pathologists to alter dissection approaches as appro-
priate. Targeted autopsy revealed DAD, venous thrombosis, 
and intracardiac thrombus at 20 days after antemortem con-
firmatory testing. In this case, cause of death was attributed 
to toxic levels of fentanyl, however the potential hazardous 
effects of persistent COVID-19 pathologies should be con-
sidered as a contributing factor especially in individuals with 
competing explanations for cause of death.

Key points:

1.	 We report advance thrombosis of the right atrium in 
addition to other autopsy features of COVID-19 which 
include diffuse organizing pneumonia and extensive pul-
monary thrombosis.

2.	 Use of post-mortem computational tomography may 
help identify severe sequela of COVID-19 in the setting 
of a negative post-mortem nasopharyngeal swab.

3.	 Persistent pathological changes of COVID-19 pneumo-
nia as a contributing risk factor in sudden death should 
be considered when determining a cause of death.
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