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ARTICLE INFO ABSTRACT

Arﬂ'df? history: Background: Cysticercosis is a World Health Organization designated neglected human zoonosis world-
Received 7 November 2021 wide. Data on cardiac cysticercosis and its contribution to sudden and unexpected community deaths are
Revised 25 November 2021 scarce and require study.

Accepted 27 November 2021 Methods: A study was performed of cysticercosis-related deaths and other incidental cases of cysticer-
cosis seen at forensic post-mortem examination over a period of 12 months, in individuals who died

KEYWORDS: suddenly and unexpectedly in the community in Lusaka, Zambia. Whole-body post-mortem examinations
CyStiFerCOSiS were performed according to standard operating procedures for post-mortem examinations. Representa-
Cardiac tive samples were obtained from all body organs and subjected to histopathological examination. Infor-
g:’aairnt mation was obtained on circumstances surrounding the death. Data were collated on patient demograph-
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ics, history, co-morbidities, pathological gross and microscopic findings, and forensic autopsy cause(s) of

death. The available literature on cardiac cysticercosis was also reviewed.

Results: Nine cases of cysticercosis were identified. Eight of the nine cases had cardiac cysticercosis.

There was no prior history of cysticercosis before death. All were male, aged between 28 and 56 years,

and from high population density and low socioeconomic communities. There was no community case

clustering identified.

Conclusions: Cardiac cysticercosis and neurocysticercosis are important incidental findings in sudden and

unexpected deaths in the community and can easily be missed antemortem. More investment in forensic

autopsy services is required to define the undiagnosed burden of deaths due to treatable communicable

diseases.

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

not detected antemortem. Mandated by law, these deaths are sub-
ject to forensic medico-legal examination, which provides an op-

Sudden and unexpected deaths in any community can be due to
a range of underlying conditions including communicable diseases
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portunity to study underlying causes of death in the community.
Cysticercosis caused by the pig tapeworm Taenia solium remains
an important parasitic zoonotic disease affecting males and fe-
males equally across all age groups worldwide (Dixon et al., 2020;
Sorvillo and DeGiorgio, 2020; Sorvillo et al., 2011; Phiri et al., 2003;
Schantz et al.,, 1988; Garcia and Del Brutto, 2005). Human cys-
ticercosis occurs when food or water contaminated with T. solium
ova are ingested (WHO, 2021). In the stomach, the ova hatch into
larvae, penetrate through the gut wall, and spread via the blood-
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stream to various tissues and organs forming vesicular translucent
cysts. Autoinfection involves the retrograde movement of proglot-
tids of a gut tapeworm infestation from the intestines into the
stomach, with subsequent release of T. solium larvae.

The clinical features of human cysticercosis range from sub-
clinical asymptomatic to mild morbidity, severe morbidity, and
sometimes death (WHO, 2021; CDC, 2021). These are determined
by the location of the cysts in the body and the overall cyst
burden. Any organ can be affected, although it has a predilec-
tion for the central nervous system. Globally, cysticercosis is
the most common parasitic disease affecting the central nervous
system presenting with neurological symptoms and adult-onset
seizures (WHO, 2021; CDC, 2021; Nash and Garcia, 2011; Abanto
et al, 2021; Wallin and Kurtzke, 2004), and it is sometimes
associated with sudden death (Esberg and Reske-Nielsen, 1988;
Hortobagyi et al., 2009). Whilst there is abundant literature on
neurocysticercosis from all continents, reports of cardiac cysticer-
cosis have been scarce (Hortobagyi et al., 2009; Spina et al., 2013;
Eberly et al., 2008). This may be due to subclinical, cryptic pre-
sentations or a lack of clinical awareness of the possibility of cys-
ticercosis (Kalra et al., 2019; Jain et al., 2010; Nery et al., 2018;
Jain et al., 2010; Bhalla et al., 2008). Cardiac cysticercosis has been
reported as a rare cause of myocardial infarction (Nery et al., 2018).

This study presents data on cases of cardiac cysticercosis and
neurocysticercosis seen at forensic post-mortem examination over
a period of 12 months, in individuals who died suddenly and un-
expectedly in the community in Lusaka, Zambia.

2. Methods
2.1. Ethics and permission

In Zambia, forensic autopsies are mandated by law and are con-
ducted through an Order for Post-mortem Examination of sudden
and unexpected deaths in the community. Data from forensic au-
topsies are stored at the Office of the State Forensic Pathologist
(OSFP). The OSFP gave permission for the use of anonymized data.

2.2. Study design

This was a retrospective case analysis of whole-body forensic
post-mortem examinations performed over a period of 12 months
on people who died suddenly and unexpectedly in the commu-
nity of Lusaka, Zambia. These cases were referred to the OSFP at
the University Teaching Hospital (UTH) for forensic post-mortem
examination. Information on circumstances surrounding the death
was obtained from the next of kin by the forensic pathologist, as
per procedure, before the post-mortem examination. Data were ex-
tracted from autopsied cases where cysticercosis was found to be a
proximate cause of death or an incidental co-morbid autopsy find-
ing.

2.3. Forensic autopsy procedures

Forensic safety and autopsy protocols were followed, as de-
scribed previously (Mucheleng’anga et al, 2021). Briefly, the
whole-body autopsies were performed by a forensic pathologist
(LAM.) and an anatomical pathologist (C.H.) according to the
guidelines of the OFSP Zambia Practice Manual for Medico-legal
Death Investigations.

2.4. Tissues sampled and histological examination
Representative samples were obtained from the brain, lung,

heart, liver, spleen, kidney, gastrointestinal tract, and muscles and
submitted in standard tissue cassettes. These were fixed in 10%
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Figure 1. Multiple Taenia solium cysts in the heart wall and cavities.

neutral buffered formalin for 72 hours. Samples were embedded
in paraffin, sectioned, mounted onto glass slides, and stained with
hematoxylin and eosin (H&E) and were examined microscopically.
All slides were examined by both the forensic and anatomical
pathologists.

2.5. Cause(s) of death

The decedents’ demographics, history, circumstances, and au-
topsy findings were recorded. The cause(s) of death were formu-
lated within the context of the circumstances surrounding the
death, history of the case, autopsy findings, and ancillary studies.

2.6. Data collection and analyses

All cases of cysticercosis were identified. The decedents’ de-
mographics, geographical place of residence, history of ill health
(where available), circumstances surrounding the death, post-
mortem examination findings, and opinion of the cause of death
was entered into Excel 2020 and analyzed using Stata version 14.

3. Results
3.1. Demographics of cysticercosis cases and case details

Table 1 summarizes the demographics and autopsy findings of
the nine cases of cysticercosis identified. They had all died sud-
denly and unexpectedly and were brought-in-dead (BID) and oth-
ers as suspected homicides. There was no prior history of cysticer-
cosis before death. All were male, aged between 28 and 56 years,
and from high population density and low socioeconomic commu-
nities. There was no identifiable case clustering. Whilst two cases
were from the same Lusaka residential area, the other seven dece-
dents resided in different geographical locations (compounds) of
Lusaka. A common feature was alcohol abuse (eight out of nine
cases) and frequenting beer bars/halls where grilled pork is served.

3.2. Gross pathology and microscopic findings

T. solium cysts were seen as single or multiple lesions, round or
ovoid, 1 mm to 25 mm in size, randomly distributed in the heart,
brain, and other organs and tissues.

Representative images of gross autopsy and microscopic find-
ings of cardiac cysticercosis are shown in Figures 1-4 and those of
brain cysticercosis in Figures 5-7. Figure 8 shows a T. solium cyst.
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Table 1
Cysticercosis seen at forensic autopsy: decedents’ demographics, autopsy findings, and causes of death

Decedents’ demographics

Presence and location of Taenia solium cysts

AutopsyCause(s) of death

Case Age Residence—Lusaka Alcohol
No. Sex (years) district location abuse Heart Brain Lung Diaphragm Muscles Omentum
1 M 34 Misisi Yes Present Present Present Present Present Present Cardiac cysticercosis
2 M 42 Central business Yes Present Present Absent Absent Absent Absent Blunt impact trauma to the head due to assault
district
3 M 26 George Yes Present Present Absent Absent Absent Absent cardiac cysticercosis
4 M 35 Chilenje Yes Present Present Present Present Absent Absent Cardiac cysticercosis and neurocysticercosis
5 M 56 Kanyama No Present Present Present Absent Absent Absent Cardiac cysticercosis and neurocysticercosis
6 M 40 Soweto Yes Present Present Present Absent Absent Present Cardiac cysticercosis and neurocysticercosis
7 M 51 Kanyama Yes Present Present Present Absent Absent Absent acute alcohol intoxication in a man with cardiac
cysticercosis and neurocysticercosis.
8 M 28 Ng'ombe Yes Present Absent Absent Absent Absent Absent Cardiac cysticercosis/ bronchopneumonia/chronic
alcoholism
9 M 55 Zingalume Yes Absent Present Absent Absent Absent Absent Acute pyelonephritis in a man with neurocysticercosis
M, male.
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Figure 4. Racemose cysticercus with a convoluted, degenerated, and hyalinized cys-
ticercal wall (H&E stain, magnification x4).

1
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Figure 5. Cyst of Taenia solium protruding from the brain gyrus.

no evidence of overdose, trauma, seizures, or poisoning. The au-
topsy examination showed multiple translucent T. solium cysts con-
taining serous fluid and whitish particles in the heart muscles,
neck muscles, diaphragm, and omentum. Microscopic examination
showed racemose cysticerci with convoluted, intact or degener-
ated, and hyalinized cysticercal walls. The cause of death was car-
diac cysticercosis.

Case 2 was a 42-year-old male, known alcoholic, who was
found dead in the street with bruises on his body. The autopsy
showed blunt impact trauma to the head, chest, and extremities. At
autopsy, the heart muscles showed multiple translucent T. solium
cysts. The cause of death was blunt impact trauma to the head due
to assault in a man with cardiac cysticercosis.

Case 3 was a 26-year-old male, known alcoholic, with no his-
tory of ill health, who died during a minor altercation. The autopsy
showed no obvious external injuries. On internal examination, the
heart revealed mycocardial infarction, focal areas of fibrosis, and
translucent T. solium cysts in the myocardium. The cause of death
was myocardial infarction in a man with cardiac cysticercosis.

Case 4 was a 35-year-old male with no previous history of ill
health who was found dead in his bed at home. There was no
history or evidence of trauma, seizures, or poisoning. Internal ex-
amination revealed numerous T. solium cysts on the surface of the
heart muscles, lateral ventricles of the brain, lung surfaces, and di-
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Figure 7. Histopathology of a brain cyst. Racemose cysticercus with a convoluted,
degenerated, hyalinized cysticercal wall (H&E stain, magnification x10).

Figure 8. Gross appearance of a Taenia solium cyst.



C. Himwaze, L.A. Mucheleng’anga, V. Telendiy et al.

aphragm. All of the other organs had no pathology. The cause of
death was cardiac cysticercosis in a man with neurocysticercosis.

Case 5 was a 53-year-old male who died on the way to the
hospital after complaining of severe headache and vomiting of less
than 24 hours’ duration. There was no history of alcohol abuse,
seizures, or fever. The autopsy showed no external injuries. Internal
examination showed numerous T. solium cysts in the heart mus-
cles, brain leptomeninges, and ventricles. The cause of death was
cardiac cysticercosis in a man with neurocysticercosis.

Case 6 was a 40-year-old male who complained of headache
and vomiting and died soon after. There was no prior history of
seizures, vomiting, or fever. The autopsy showed no external in-
juries. On internal examination, numerous T. solium cysts were
seen on the surface and muscles of the heart, all ventricles of the
brain, and omentum. The cause of death was attributed to cardiac
cysticercosis in a man with neurocysticercosis.

Case 7 was a 51-year-old-male, known alcoholic, who was
found dead in his car after a binge drinking episode. The autopsy
showed no external injuries. Internal examination showed numer-
ous T. solium cysts in the muscles of the heart, leptomeninges, and
ventricles of the brain. The cause of death was acute alcohol intox-
ication in a man with cardiac cysticercosis and neurocysticercosis.

Case 8 was a 28-year-old-male, known alcoholic, who died un-
expectedly at home. The autopsy examination showed no external
injuries. On internal examination, translucent T. solium cysts were
seen on the heart surface and heart muscles. The lungs showed
left-sided bronchopneumonia. The autopsy causes of death were
bronchopneumonia in a man with cardiac cysticercosis and chronic
alcoholism.

Case 9 was a 55-year-old-male, known alcoholic, who fell ill at
home with breathlessness and fever and died on the way to hos-
pital. There was no history of seizures. The kidneys showed re-
nal abscesses and pyelonephritis. The autopsy showed multiple T.
solium cysts on the brain leptomeninges and ventricles. The cause
of death was acute pyelonephritis in a man with neurocysticerco-
sis.

4. Discussion

There are several notable findings from this study. Although
cysticercosis is widespread globally (WHO, 2021; CDC, 2021; Dixon
et al., 2020; Sorvillo and DeGiorgio, 2020; Sorvillo et al., 2011;
Phiri et al., 2003; Schantz et al., 1988; Garcia and Del Brutto, 2005),
autopsy data regarding sudden and unexpected community deaths
due to cardiac cysticercosis are scarce. First, this appears to be
the first and largest case series reporting nine cases of cysticerco-
sis as an incidental finding at autopsy in sudden and unexpected
deaths in the community subjected to forensic investigations. Sec-
ond, eight out of nine cases had cardiac cysticercosis. Third, car-
diac cysticercosis was a definitive cause of death in two cases and
a contributing cause in others. Fourth, all nine decedents with cys-
ticercosis seen at autopsy were not suspected of having cysticer-
cosis prior to death and the diagnosis only became apparent on
autopsy.

There have been very few reports of fatal cardiac cysticer-
cosis reported globally (Spina et al., 2013; Eberly et al., 2008;
Eberly et al., 2008). Cardiac cysticercosis is rarely diagnosed ante-
mortem. T. solium cysts can be randomly distributed in cardiac tis-
sue, and thus cardiac cysticercosis may remain subclinical, asymp-
tomatic, or present with arrhythmias, cardiac symptoms, and rarely
sudden death (Sorvillo and DeGiorgio, 2020; Hortobagyi et al.,
2009). Case 3 shows that whilst people with cardiac cysticerco-
sis can live asymptomatically or remain undetected antemortem,
stressful encounters could further compromise heart function lead-
ing to death. A case report has described cardiac cysticercosis as a
rare cause of myocardial infarction (Nery et al., 2018).
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Cases 1 and 4 showed a disseminated form of the disease. This
is in keeping with previous studies that have shown that T. solium
can be found in any organ of the body, hence explaining the associ-
ated high morbidity (Jain et al., 2010; Nery et al., 2018; Jain et al.,
2010; Bhalla et al., 2008). The present study data show that it is
important for the forensic pathologist to be aware of the possibil-
ity of cysticercosis when performing autopsies of sudden and un-
expected deaths in the community.

Whilst cysticercosis is known to have a predilection for the
brain (WHO, 2021; Schantz et al., 1988; Nash and Garcia, 2011;
Wallin and Kurtzke, 2004; Garcia and Del Brutto, 2005) and is
a leading cause of adult-onset seizures in developing countries
(Dixon et al., 2020; Sorvillo and DeGiorgio, 2020), there have been
only a few individual autopsy case reports of neurocysticerco-
sis as a cause of sudden death (Esberg and Reske-Nielsen, 1988;
Hortobagyi et al., 2009; Ndhlovu, 1997). One case involved a road
traffic accident that resulted in previously undiagnosed neurocys-
ticercosis causing cerebral complications (Holmes et al., 2010).

Six of the nine cases of cysticercosis reported here showed
T. solium cysts in the brain. Sudden death in neurocysticerco-
sis may be associated with a range of underlying or consequen-
tial pathological processes and intracranial location. The racemose
form of neurocysticercosis is associated with mortality of up to
50% (Sorvillo and DeGiorgio, 2020). Cases 5 and 6 presented with
a history of headache and vomiting, which may have resulted
from raised intracranial pressure, due to disturbances in the flow
of the cerebrospinal fluid caused by the cysts. Neurocysticercosis
has been associated with increased intracranial pressure leading to
seizure disorders, abnormal cognition, and mortality (Sorvillo and
DeGiorgio, 2020; Nash and Garcia, 2011; Abanto et al., 2021).

All of the cysticercosis cases here were male and aged between
26 and 56 years. Most were alcoholics and lived in high population
density and low socioeconomic communities. Six of the nine dece-
dents were alcoholics. The study data need to be viewed with con-
sideration of the limitations of the data reporting incidental cys-
ticercosis cases found at forensic examination. Other contributing
factors to death such as hypoglycemia and ketoacidotic states may
have been covered in the contributory section statement of the
cause of death statement, which highlighted alcoholism as hav-
ing a cause effect association in these sudden deaths. Whilst al-
coholism has not been described as a risk factor for cysticercosis,
the cases presented here had frequently visited beer halls and bars
where grilled pork is served. It is possible that the cysticercosis
infections resulted from the consumption of contaminated under-
cooked infected pork in these cases. However, no follow-up public
health contact tracing or epidemiological investigations took place,
due to logistics, a lack of resources, and COVID-19 restrictions.

Another route of infection in the study cases may have been
fecal-oral transmission, as a result of close contact and poor hy-
giene practices with individuals infected with adult T. solium tape-
worms. These individuals are mostly asymptomatic and may not be
cognizant of their infection or the potential risk to themselves (au-
toinfection) and others (Garcia and Del Brutto, 2005; WHO, 2021).
T. solium causes two distinct conditions in humans, taeniasis and
cysticercosis (Garcia and Del Brutto, 2005; WHO, 2021). Human
taeniasis occurs when a person eats raw or undercooked pork in-
fected with T. solium cysts, which once hatched into larvae, grow
into an adult tapeworm in the human gut (Garcia and Del Brutto,
2005; WHO, 2021). The adult tapeworm then sheds proglottids
containing ova into human feces, which contaminate the envi-
ronment in the absence of proper sewage systems. Future stud-
ies where cysticercosis is found at autopsy should be associated
with follow up epidemiological investigations in order to deter-
mine the source and prevalence of T. solium infections to guide in-
tervention measures and stop transmission. A recent systematic re-
view of the distribution of cysticercosis in West and Central Africa
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(Bhalla et al., 2008) showed continuing public health issues with
taeniosis and cysticercosis and that an overall One Health approach
is needed to control tapeworm infection.

When taken in aggregate, the diagnosis of cysticercosis can be
used by public health to map directed surveillance systems, imple-
ment public awareness programs for prevention, and treat sources
in households and the community. This study showed that at au-
topsy, cardiac cysticercosis and neurocysticercosis are important
underlying causes of death, or contributing causes of death. It also
illustrated that forensic autopsies can provide useful information
on the undiagnosed burden of locally prevalent infectious diseases,
which may be incidental. Furthermore, they may contribute to help
identify the presence of cysticercosis and other subclinical and un-
diagnosed causes of death in the public.

The exact prevalence of cysticercosis in most parts of the world
remains unknown. The geographical overlap of Africa’s burden of
malaria, HIV, tuberculosis, COVID-19, and parasitic diseases, includ-
ing cysticercosis, and the paucity of data on their contribution to
deaths in the community (Jewell et al, 2021; Hendrickx et al.,
2019) calls for more investment in autopsy services to conduct
high quality research. Medico-legal forensic autopsy work could
also provide an insight into disease clusters in the community, data
that could be useful for public health surveillance, monitoring, and
directed preventive measures.
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