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COVID-19; Introduction and objective: A new coronavirus produces a disease designated as coronavirus
Clinical autopsy; disease 2019 (COVID-19). Vaccination against COVID-19 has resulted in decreased mortality.
Immunization; Postmortems of vaccinated patients play an important part in the forensic analysis of adverse
Colombia effects after vaccination, which is essential for determining its efficacy and security. The main

objective of this study was to describe the results of autopsies of patients vaccinated for SARS-
CoV-2 carried out in two major centers in Colombia.

Materials and methods: A descriptive cross-sectional study of 121 autopsies was performed
following Colombian regulations in two main hospitals in Bogota, Colombia, between March 1st
and April 31st, 2021.

Results: 118 of the 121 patients (97.52%) had been vaccinated with CoronaVac (Sinovac); only
3 had received other vaccines. Sudden cardiac death was the leading cause of death, with
pulmonary embolism another critical finding. No relation between the cause of death and
vaccination against SARS-CoV-2 was found.

Conclusions: A clinical autopsy is a vital for an accurate post-mortem diagnosis. Any relation
between the SARS-CoV-2 vaccine and the cause of death should be carefully studied in order to
provide the general public with evidence-based information about the safety of the vaccination.
© 2022 Sociedad Espafola de Anatomia Patologica. Published by Elsevier Espana, S.L.U. All
rights reserved.
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PALABRAS CLAVE
COVID-19;

Autopsia clinica;
Inmunizacion;

Autopsias clinicas en pacientes vacunados contra el SARS-CoV-2: estudio post
mortem en una poblacién colombiana

Resumen

Introduccidn y objetivo: Un nuevo virus del linaje de los coronavirus produce una enfermedad
que se designoé como enfermedad por coronavirus 2019 (COVID-19). Actualmente se estan apli-
cando vacunas contra la COVID-19 y han mostrado disminucion de la mortalidad en pacientes
infectados. El analisis de los efectos adversos tras la vacunacion ha sido fundamental para
conocer la eficacia y la seguridad tras la administracion. El examen forense y patoldgico de las
muertes después de la vacunacion representa un componente critico. El objetivo principal del
estudio fue describir una serie de casos de pacientes con inmunizacion previa contra el SARS-
CoV-2 que fallecieron y a los que se les realizo una autopsia clinica en dos centros de referencia

Materiales y métodos: Se realizé un estudio descriptivo transversal basado en autopsias sigu-
iendo la normatividad colombiana en dos hospitales de alta complejidad de la ciudad de Bogota,
Colombia, durante el periodo comprendido entre el 1 de marzo de 2021y el 31 de abril de 2021.

Resultados: Un total de 118 pacientes (97,52%) fueron vacunados con CoronaVac (Sinovac). La
muerte cardiaca subita fue la principal causa de fallecimiento en la poblacion del estudio, y
la embolia pulmonar fue otro hallazgo critico encontrado en el estudio forense. No se pudo
determinar la relacion entre las causas de muerte y la vacunacion contra el SARS-CoV-2.

Conclusiones: La autopsia clinica es una herramienta vital en las instituciones de salud para
brindar un diagnostico post mortem. Consideramos que el estudio de la causalidad de la vacu-
nacion contra el SARS-CoV-2 y las muertes es fundamental para futuros estudios, con la intencion
de proporcionar informacion basada en evidencia a la poblacion para apoyar el concepto de

© 2022 Sociedad Espafiola de Anatomia Patoldgica. Publicado por Elsevier Espafa, S.L.U. Todos

Colombia
en Colombia para estudios post mortem.
Se analizaron un total de 121 autopsias.
vacunacion segura contra la COVID-19.
los derechos reservados.
Introduction

A new coronavirus with human-to-human transmissibility
was identified at the end of 2019 and due to it present-
ing a wide range of clinical symptoms and having a high
contagion rate, it soon reached pandemic proportions.’?
As a result, the World Health Organization (WHO) launched
a health alarm on December 30, 2019 and a Public Health
Emergency of International Importance was declared on Jan-
uary 30, 2020.° The WHO designated the disease caused by
the virus (Severe Acute Respiratory Syndrome (SARS)-CoV-2)
as Coronavirus Disease 2019 (COVID-19).? Until September
2, 2022, according to Johns Hopkins Coronavirus Resource
Center, 603,359,314 confirmed cases and 6,492,142 deaths
secondary to COVID-19* had been reported worldwide; the
Colombian Ministry of Health reported 6,302,809 confirmed
cases and 141,646 deaths.®

Vaccines against COVID-19 are currently being admin-
istered according to the regulations of the Ministry of
Health or equivalent in each country. The vaccines cur-
rently validated for use by WHO and given emergency use
are: BNT162b2 (Pfizer — BioNTech), mRNA-1273 (Moderna),
ChAdOx1 nCov-19 (AstraZeneca), Ad26.COV2.S (Janssen
COVID-19 vaccine), WIV04 and HBO02 (Sinopharm), Coron-
aVac (Sinovac) and Covaxin (Bharat Biotech/Indian Council
of Medical Research), NVX-CoV2373 (Covovax) and NVX-
CoV2373 (Nuvaxovid).®”

The vaccination program in Colombia began on Febru-
ary 17, 2021. As of August 9, 2022, 87,566,541 doses had
been administered nationwide and 36,479,814 people had
received the complete vaccination schedule. The initial goal
of the vaccination plan was to vaccinate 35 million peo-
ple. The vaccines used until August 9, 2022 were: BNT162b2
(Pfizer — BioNTech), mRNA-1273 (Moderna), ChAdOx1 nCov-
19 (AstraZeneca), CoronaVac (Sinovac) and Ad26.COV2.S
(Janssen COVID-19 vaccine).?

Adverse effects after vaccination have been analyzed
worldwide. After receiving a SARS-CoV-2 vaccination local
affectations predominate, while systemic reactions are
rare.’ In a study of 19,586 adults conducted by Beatty et al.™®
the risk of allergic reactions or anaphylaxis was reported
in 0.3% of cases after partial vaccination and 0.2% after
complete vaccination. The most important factors associ-
ated with side effects were: full vaccination dose, vaccine
brand, younger age, female gender and having had COVID-
19 before immunization. However, rare cases of vascular
problems in which clot formation is altered and the platelet
count is low (vaccine-induced immune thrombotic throm-
bocytopenia (VITT)) have been identified between one to
three weeks after vaccination, especially with ChAdOx1
nCov-19 (AstraZeneca) and Ad26.COV2.S (Janssen COVID-19
vaccine).'"""3

The forensic and pathological analysis of deaths
after vaccination is an essential component in the
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understanding of complex or new entities. Our study’s main
objective was to describe the findings of 121 autopsies of
patients who had been vaccinated against SARS-CoV-2. The
postmortems were carried out in two reference centers
in Colombia. To our knowledge, this is the most extensive
autopsy study of patients vaccinated against SARS-CoV-2.

Materials and methods

A serial case study based on autopsies was carried out fol-
lowing Colombian regulations, conducted in patients who
had died from non-violent causes and who had received
some degree of immunization against SARS-CoV-2 in Bogota,
Colombia, between March 1st and April 31st 2021, the period
during which the first vaccines were administered in Colom-
bia.

We collected and verified data obtained from clinical
autopsy reports made by the pathology department. The
information was classified and tabulated, with analysis of
variables such as age, sex, comorbidities, name of the
vaccine used, number of doses administered and final patho-
logical diagnosis. As there were numerous comorbidities in
the original reports, only those present in more than one
patient were considered. The causes of death were grouped
according to similar pathophysiological mechanisms to facil-
itate the analysis, as the list of diseases was long and
detailed. We decided that the disease group outlined by
Mendoza et al."* would be referential as the study popu-
lation was similar and thus a better comparative analysis
could be made.

The diagnosis of sudden cardiac death (SCD) was defined
as an abrupt loss of cardiac function in a person who
may or may not have previous heart disease and when
death occurred within one hour of the onset of symptoms.
SCD patients with other pathological findings, for example
coronary heart disease, were included in both diagnostic
categories, in order to reach a consensus with previously
reported data."”

Descriptive analysis was performed by calculating rel-
ative and absolute frequencies and measures of central
tendency. The Excel and Stata13 programs were used to
carry out the statistical study.

The study was approved by the Health Research and
Ethics Committee of the Fundacion Universitaria de Ciencias
de la Salud in Bogota, Colombia.

Results

A total of 121 autopsies were analyzed, 81 from the Hospi-
tal San Jose and 40 from the Hospital Infantil de San Jose in
Bogota, Colombia. 63 cases (52.06%) were female. The mean
age of the patients was 84 years, with a range of 66 to 103
years. A total of 118 patients (97.52%) had been vaccinated
with CoronaVac (Sinovac), of which 109 patients (92.37%)
had received one dose, and nine patients (7.63%) two doses.
Of the remaining cases, 2 patients (1.65%) received 1 dose
of ChAdOx1 nCov-19 (AstraZeneca) and 1 patient (0.82%)
received 1 dose of BNT162b2 (Pfizer — BioNTech).

Among the critical comorbidities reported in the medical
history were: arterial hypertension in 93 patients (76.85%),
chronic obstructive pulmonary disease (COPD) in 36 patients

(29.75%), diabetes mellitus in 24 patients (19.83%), con-
gestive heart failure in 20 patients (16.52%), history of
acute myocardial infarction in 18 patients (14.87%), his-
tory of neoplasia in 15 patients (12.39%), hypothyroidism in
15 patients (12.39%), dyslipidemia in 13 patients (10.74%),
cardiac arrhythmia in 13 patients (10.74%), dementia in 11
patients (9.09%), chronic kidney disease in 8 patients (6.6%)
and autoimmune disease in 4 patients (3.3%).

SCD was the leading cause of death with 69 cases
(57.02%), followed by acute myocardial infarction in 53
patients (43.8%) and other cardiovascular diseases (aortic
dissection, aortic aneurysms, arrhythmias) in 23 patients
(19%). 45 of the SCD cases were secondary to acute myocar-
dial infarction and a further 18 cases secondary to other
cardiovascular diseases. In 6 cases of SCD no diagnostic find-
ings were found. Pulmonary embolism (PE) was found in 25
cases (20.66%).

Other diagnoses included respiratory failure not sec-
ondary to bacterial pneumonia in 7 patients (5.78%),
metabolic conditions in 3 patients (2.47%), bacterial pneu-
monia in 2 patients (1.65%), neoplasia in 2 patients (1.65%),
1 case of sepsis (0.82%) and one case of sudden unexpected
death in epilepsy (0.82%). More detailed information on the
final pathological diagnosis and comorbidities is shown in
Table 1.

Discussion

The clinical autopsy continues to be a fundamental pillar
of medicine. Despite significant clinical advances, dis-
crepancies still occur between clinical and post-mortem
diagnoses.'® We analyzed 121 autopsies of patients who had
received some degree of immunization against SARS-CoV-2,
which were carried out in two important Colombian forensic
reference centers.

Presently there are concerns about a possible relationship
between vaccination against SARS-CoV-2 and the cause of
death, as it is still unclear whether the pathophysiological
mechanism is related to vaccination against SARS-CoV- 2 or
to a different process.

Menni et al." studied 627,383 vaccinated people and
demonstrated that the majority of the adverse effects of
vaccination are mild and short. However, the report of a
small number of severe adverse reactions related to the
vaccine administration has generated mistrust among the
general public which has slowed down the vaccination pro-
cess both in Colombia and around the world."®

The leading cause of death in our study was cardiovas-
cular pathology, the most frequent being SCD and coronary
heart disease the main trigger. A previous study of more
than 700 patients reported cardiovascular disease as the
main cause of death.'# SCD is the leading cause of death in
industrialized countries, accounting for 60-70% of deaths of
cardiovascular origin.' In the United States, there are 1-2
cases per 1000 people per year, while 0.36-1.28 cases per
1000 inhabitants per year are reported by the European Soci-
ety of Cardiology.?° The majority of SCD occurs in adults; all
our patients were older than 65 years, agreeing with previ-
ous studies where incidence was found to increase with age,
becoming more prevalent after 55 years.??



Table 1 Main diagnosis by comorbidities.

Comorbidities

Hyper- Chronic Diabetes Conges- History of Neopla- Hypothy-Dyslip- Arrhy- Demen- Chronic  Auto-
tension  obstructive mellitus tive acute sia idemia thmia tia kidney immune
pulmonary heart myocardial roidism disease  disease
disease failure infarction
Pathological Sudden Acute 36 14 8 5 10 3 3 6 7 2 2 1
diagnosis cardiac myocardial
death (SCD) infarction
Deaths 14 5 6 4 1 0 4 1 6 3 3 2
related to
other car-
diovascular
diseases
(CVD)
(aortic
dissection,
aortic
aneurysms,
arrhyth-
mias)
No findings 3 4 0 0 0 2 1 0 0 0 0] 0
Pulmonary embolism 16 10 7 6 1 6 4 1 0 5 1 1
(PE)
Acute myocardial 8 0 1 0 3 1 0 2 0 0 1 0
infarction without SCD
Deaths related to other 5 1 0 1 1 0 0 1 0 0 0 0
CVD without SCD
Respiratory failure ruling 5 1 1 2 2 1 1 1 0 0 0 0
out bacterial pneumonia
Deaths related to 2 0 0 1 0 0 0 0 0 0 1 0
metabolic conditions
Bacterial pneumonia 2 1 0 1 0 0 0 1 0 0 0 0
Deaths related to 1 0 1 0 0 1 1 0 0 0 0 0
neoplasias
Sepsis 0 0 0 0 0 1 1 0 0 0 0 0
Death related to epilepsy 1 0 0 0 0 0 0 0 0 1 0 0
n 93 36 24 20 18 15 15 13 13 11 8 4

Note: Numbers do not add up in the horizontal columns since patients might be included in more than one cell.
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The prevalence of PE in our study is worthy of note;
whereas it accounted only for 7.63% (57 cases) in the study
by Mendoza et al.," we found an incidence of 20.66% (25
cases). Although cases have been reported of clots occurring
after the administration of ChAdOx1 nCov-19 (AstraZeneca)
and Ad26.COV2.S (Janssen COVID-19 vaccine),'" 22 all the
patients with PE in our study had been vaccinated with Coro-
naVac (Sinovac) which, as an inactivated vaccine, has not
been associated with clot formation.?*

We only found 9 cases (7.43%) of respiratory failure due
to infectious diseases, which was much lower that the 20%
found by Mendoza et al." However, as no autopsies of sus-
pected COVID-19 patients are authorized in Colombia, this
may explain the discrepancy.

To the best of our knowledge, our study is the most
extensive autopsy study of a population immunized against
SARS-CoV-2. Edler et al.?®> describe autopsies of 3 patients
vaccinated with BNT162b2 (Pfizer - BioNTech) and discuss
22 deaths in vaccinated patients reported in Germany; 7
underwent autopsies and other postmortem studies which,
as in our study, revealed no causal relationship between
vaccination and death.

In 13 of 18 autopsies of patients who had been vacci-
nated against SARS-CoV-2, reported by Schneider et al.,?
the cause of death was attributed to pre-existing diseases
with no causal relationship with the vaccine. Myocarditis was
found in one case, but without any specific causal associ-
ation. VITT was evidenced in 3 patients after vaccination
with ChAdOx1 nCov-19 (AstraZeneca) and in one case after
administration of Ad26.COV2.S (Janssen COVID-19 vaccine).

In a recent systematic review of 17 reports of autopsy
findings in patients vaccinated against SARS-CoV-2, Sessa
et al.? found 38 cases, 19 female and 19 male. 22
cases were of patients vaccinated with ChAdOx1 nCov-19
(AstraZeneca), 10 with BNT162b2 (Pfizer - BioNTech), 4 with
mMRNA-1273 (Moderna) and 2 with Ad26.COV2.S (Janssen
COVID-19 vaccine). It is important to note that the 22
patients vaccinated with ChAdOx1 nCov-19 (AstraZeneca)
died immediately after the administration of the vaccine
and thus any signs suggestive of VITT, such as intracra-
nial hemorrhage and multiple foci of diffuse microthrombi,
should be carefully considered during the autopsy, espe-
cially in cases of immunization with ChAdOx1 nCov-19
(AstraZeneca).

Our study had limitations, such as the lack of autopsies
of patients positive for SARS-CoV-2, resulting in a difference
in the distribution of pathological findings in comparison
to previous studies. Furthermore, the causal relationship in
these cases is difficult to determine, so diagrams such as
those proposed by the WHO must be considered in the future
to reach more reliable conclusions.?®

Conclusions

Our study highlights the importance of autopsies in patients
with immunization against SARS-CoV-2. We found the lead-
ing cause of death to be sudden cardiac death, agreeing with
previous studies the same center. However, the increase in
the incidence of pulmonary thromboembolism is striking.
However, our study could not provide causal relationships
of deaths with immunization. In the future, we recommend

that clinicians and pathologists work together when the
cause of death in immunized patients raises concern.
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