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Abstract

Sudden cardiac death (SCD) is a major public health concern. In sub-Saharan Africa (SSA), including South Africa, there
is a lack of reliable statistics on the incidence of SCD, even though there has been a fourfold increase in noncommunicable
diseases (NCD), particularly cardiovascular diseases (CVD). Sudden cardiac death contributes to an estimated 50% of all
cardiovascular deaths, which highlights South Africa’s need for research into better detection, treatment and prevention.
This study aimed to identify an inherited cardiac arrhythmogenic disorder, linked to variants in cardiomyopathy- and
arrhythmia-related genes, as a potential contributing factor to sudden cardiac deaths. DNA was extracted from blood
samples collected at autopsy of 51 sudden unexpected death (SUD) cases, and subjected to next-generation sequencing
(NGS) of 49 genes linked to inherited cardiac arrhythmogenic disorders. Variants were annotated and interpretated for
clinical significance using the Galaxy bioinformatic platform. In total, 175 different missense variants were identified
in the study population (n=51). Of these, 92.5% (162/175) were known, documented variants, and the remaining 7.4%
(13/175) were considered novel. Of the known variants, 78.4% (127/162) were of benign/likely benign significance, 20.4%
(33/162) were variants of unknown significance (VUS), and 1.2% (2/162) was pathogenic. The 13 novel variants were
analysed using online prediction software, with 92.3% (12/13) predicted to be likely benign and 7.7% (1/13) grouped into
the VUS category. Post-mortem genetic testing provided evidence of a genetic arrhythmic/cardiac conduction disorder as
the probable pathogenic basis for approximately 4% (2/51) of sudden unexpected death (SUD) cases.

Keywords Inherited cardiac arrhythmogenic disorders - Molecular autopsy - Next-generation sequencing (NGS) -
Sudden unexpected death (SUD) - Sudden unexplained infant death (SUID)

Introduction

Post-mortem genetic testing, also termed the molecular
autopsy, is invaluable in a forensic setting and is used to
identify genetic variants associated with, or causative of,
a disease. This, in turn, may lead to a better understand-
ing of the cause of death, specifically in cases of sudden
unexpected death (SUD) [1, 2]. A SUD is defined as “a
natural, unexpected fatal event that occurs within one hour
of the beginning of symptoms, or 24 hours in cases where
the death was unwitnessed, in an apparently healthy sub-
ject or in one whose disease was not so severe that such
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an abrupt outcome could have been predicted” [3]. Genetic
testing is costly and thus often unavailable in economic -
and resource-constrained countries.

Cardiac related SUDs [termed sudden cardiac deaths
(SCDs)] are deemed a major public health concern and bet-
ter detection, treatment, and prevention strategies are being
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developed [4—6]. The estimated global incidence of SCD
ranges between 15 and 159 cases per 100, 000 people per
year, with approximately four to five million global deaths
per annum [6,77. These constitute 20% of all deaths in
Western societies [6, 7].

The cause of SCDs is greatly dependent on age, with
ischaemic heart disease (IHD) the most common cause of
death in older populations [8]. In younger populations (<45
years), up to 90% of cases are caused by inherited cardiac
diseases, mostly cardiomyopathies and arrhythmogenic
disorders [2, 9]. Microstructural cardiomyopathy changes
can be overlooked at autopsy, whereas arrhythmogenic dis-
orders can neither be macro- or microscopically diagnosed
[10, 11]. Research has shown that, in the absence of post
mortem genetic testing, up to 50% of these SCDs remain
unexplained after an autopsy investigation [12]. Conse-
quently, many first world countries have implemented post
mortem genetic testing as a routine procedure when investi-
gating SCDs in their young population [5, 6].

There is a lack of reliable statistics in sub-Saharan Africa
(SSA) (including South Africa), on the incidence of SCDs.
This is despite reports indicating a fourfold increase in non-
communicable diseases (NCD), primarily driven by car-
diovascular diseases (CVD) [4, 13]. CVDs are the second
biggest killer in SSA, with the mean age of onset recorded
as the youngest in the world [13, 14] Approximately 2,000
young South Africans die suddenly each year, with the cause
of death remaining unexplained [14, 15].

Under South African law, all SUD cases must undergo
a comprehensive medico-legal death investigation to deter-
mine the cause and manner of death [16]. However, post
mortem genetic testing has not yet been implemented in
South African mortuaries. Cost is a factor, but this lack of
implementation is also due to limited research in this field.
International studies highlight the underrepresentation of
African cohorts in health research, with a particular lack
of genetic data such as genetic causes of SCDs [17]. Aside
from one study involving a small cohort of sudden unex-
plained infant deaths (SUID), no other research in South
Africa has investigated the potential role of inherited car-
diac arrhythmogenic disorders in unexplained SCDs among
the young [15]. Therefore, this study aimed to assess the
prevalence of genetic variants in 49 major genes associated
with inherited cardiac arrhythmogenic disorders in unex-
plained SUD cases among the young, admitted for medico-
legal autopsy at a prominent South African medico-legal
laboratory (MLL).
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Methods
Ethical approval

Ethics approval for this study was obtained from the Fac-
ulty of Health Sciences Research Ethics Committee, Uni-
versity of Pretoria (495/2017). The South African Inquests
Act 58 of 1959 allows for any ancillary investigations that
can assist in determining the cause of death.

Study cohort

A prospective genetic study was conducted on 51 SUD
cases that were admitted to the MLL. In all included SUD
cases (age range between one and 45 years) the cause of
death could not be determined after a full medico-legal
death investigation had been performed. This covered a
full autopsy, death scene investigation, review of available
medical history as well as all appropriate ancillary investi-
gations (e.g., virology, toxicology, histology, microbiology
etc.) Peripheral blood samples were collected at autopsy
into two 5 mL EDTA tubes and immediately stored at -80 °C
until DNA extraction could be performed.

Genetic testing

DNA was extracted from post mortem blood samples using
the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Ger-
many) according to prescribed guidelines provided by the
manufacturer. DNA samples were fluorometrically quanti-
fied and diluted to 10 ng per primer pool, using the Qubit
dsDNA HS Assay kit on the Qubit 3.0 Fluorometer (Ther-
moFisher, Waltham, Massachusetts). For next-generation
sequencing (NGS) (see Supplemental S1), the AmpliSeq
On-Demand DNA Panel (DesignStudio™ software, Illu-
mina, San Diego, California), was designed for the target-
ing of 49 genes linked to inherited cardiac arrhythmogenic
disorders (see Supplemental Table 1). Libraries were pre-
pared using the AmpliSeq Library Plus kit, and subsequent
quality was analysed using the Agilent 2100 Bioanalyzer
and the Agilent DNA 1000 kit (Agilent Technologies, Santa
Clara, California). Quantification was performed (Qubit 3.0
Fluorometer and Qubit DNA HS Assay kit). Pooled libraries
were diluted to a final loading concentration of 1.5 pM, fol-
lowed by sequencing using the v2.5 (300 cycles, 2 % 150 bp
paired end reads) high output kit on the Illumina NextSeq
550 platform. A genomic DNA reference sample, NA12878
(Coriell Institute, Camden, NJ), was included in every
library preparation and served as a control in each sequenc-
ing run.
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Bioinformatic analysis

Sequencing analysis was performed on the open-source
Galaxy bioinformatics platform (usegalaxy.com). FASTQ
sequencing files were downloaded, quality was assessed
using FastQC (v.1.11; http://www.bioinformatics.babr
aham.ac.uk/projects/fastqc/) and the Trimmomatic tool
(v.0.36; available at http://www.usadellab.org/cms/index.ph
p?page=trimmomatic) was used for trimming and filtering.
Sequences with an average quality below 20 (within a four
bp window) were cut. Only reads with an average quality
threshold of 30 (Q>=30) and a minimum length of 80 bp
were kept for further analysis. Post-trimming reads were
aligned to the reference human genome (GRCh37, hgl9)
using the Burrows-Wheeler Alignment — Maximal Exact
Match (BWA-MEM) tool (v.0.7.18; http://bio-bwa.sourcefo
rge.net). Individual reads were labelled using the read group
tag in the “sequence alignment map / binary alignment map
(SAM/BAM) specification.” Picard was used for a clean-up
of BAM files and the removal of duplicate reads (v.3.2.0; ht
tps://broadinstitute.github.io/picard/). Reads were further fil
tered (SAMtools v.1.8; http://www.htslib.org/) keeping only
those with a mapping quality (MAPQ)>=30 and mapped in
a proper pair. Finally, all files were merged into one BAM
file and visualized [JBrowse genome browser v.1.16.11 (http
s://gmod.or/wiki/JBrowse) & University of California Santa
Cruz (UCSC) genome browser (https://genome.ucsc.edu/)].
Variant calling was performed (FreeBayes v.1.3.6; https://g
ithub.com/ekg.freebayes) to generate a variant call format
(VCEF) file. Variant representation was simplified (VCFALII-
elicPrimitives tool v.1.0.0 rc3; https://github.com/vcflib/
vcflib), followed by variant annotation (SnpEff prediction
tool v.4.3.1t; snpeff.sourceforge.net). Variants were filtered
(SnpSiftFilter tool v4.3.1t; snpeff.sourceforge.net/SnpSift.
html), and all reads that met the following criteria were
kept: mapping quality (MQ)>=60, read depth (DP)>=20,
quality by depth (QD)>2, genotype quality (GQ)>=20 and
for heterozygous variants an allele balance (AB) between
0.25 and 0.75. Finally, only missense, nonsense, insertion
/ deletion (INDEL), frameshift and / or splice site variants
were retained and visualized (JBrowse genome browser).
The resulting VCF files (filtered variants) were uploaded
to two different databases (Jpopgen — dbNSFP and Ensem-
ble variant effect predictor) for further functional predic-
tion and annotation. The Human Genome Variant Society
(HGVS) guidelines were followed for variant nomencla-
ture. Several different population databases were compared
in relation to the allele frequency (AF) of identified variants
(Table 1). A combination of eight different in-silico tools,
based on different methodologies, were used for functional
effect prediction (Table 1). UniProt was used for the loca-
tion of the protein domain / region, and Blocks Substitution

Matrix (BLOSUM) for the amino acid substitution conser-
vation score. Sequence conservation was measured using
the Genomic Evolutionary Rate Profiling (GERP) score as
well as the PhyloP100way score. APPRIS was used to anno-
tate alternative spliced transcripts, with splice site predic-
tions scores generated by SpliceAl.

Variant classification

Variants were interpreted and classified, according to the
American College of Medical Genetics (ACMG) and the
Association for Molecular Pathology (AMP) guidelines,
into one of five groups: (1) pathogenic, (2) likely patho-
genic (LP), (3) variant of unknown significance (VUS), (4)
likely benign (LB) or (5) benign [18]. The number of crite-
ria across different levels of evidence of pathogenicity was
investigated for each novel, VUS, LP and / or pathogenic
variant. In addition to in-silico prediction tools, several vari-
ant databases, as well as published literature, were searched
manually with particular emphasis on functional studies,
position in a critical / functional domain of the protein, as
well as the mechanism of disease associated with the par-
ticular gene.

Results
Demographics and history

Demographic details of all cases can be seen in Supplemen-
tal Table 2. The study cohort consisted of 51 unexplained
sudden deaths with an average age of 28 years. The cases
were divided into two age categories in order to be consis-
tent with the literature (1-18 years; 1945 years). Most of
the cases were between 19 and 45 years of age (43/51; 84%)
with only 8/51 cases (16%) falling into the younger age
group. Most cases were male (35/51; 68%). In only three
cases a personal medical history of seizures and palpitations
was documented, and no case had documentation showing a
family history of syncope or sudden death.

Genetic results

NGS identified a total of 175 different missense variants
(Fig. 1; Supplemental Table 3) in the study population
(n=51). Of these, 92.5% (162/175) were known, docu-
mented variants, and the remaining 7.4% (13/175) were
considered novel. Of the known variants, 78.4% (127/162)
were of benign/LB significance, 20.3% (33/162) were VUSs,
and 1.2% (2/162) was pathogenic. The 13 novel variants
were analysed using online prediction software, with 92.3%
(12/13) predicted to be LB and 7.7% (1/13) grouped into
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Fig. 1 Classification of all identi- 100
fied missense variants. A total of 90

175 different missense variants
were identified among the entire 80
study population (n=51); 162

were known, documented variants ‘2 70
whereas the remaining 13 were -g 60
novel. Of the known variants, 49 S

were documented to be of benign G 50
significance, 78 of LB signifi- 3 40
cance, 33 of unknown significance 'g

(VUS), one LP and one of patho- g 30
genic significance. Of the novel 20

variants, 12 were predicted to be
likely benign whereas the remain- 10
ing one was considered a VUS

Novel variants
m Documented variants

the VUS category. All 51 cases were found to carry multiple
missense variants, most of them LB. In 72.5% (37/51) one
or more VUS’s were identified. In approximately 4% (2/51)
a variant classified as either pathogenic or LP was found.

Variants with moderate and supporting evidence of
pathogenicity

For five variants, all eight in-silico tools predicted a delete-
rious effect on the gene / gene product, each in a different
case and each in a different gene (Table 2). This warranted
further evaluation of each variant. Four of these variants
were documented, one was novel. Three variants (3/5) (two
known, one novel) identified in three different cases (3/51)
had moderate and supporting evidence of pathogenicity,
which may point to disease development. However, due to a
lack of supporting data (population frequencies, functional
studies, family segregation etc.) these variants all remain
classified as a VUS. The two remaining variants (2/5) were
classified as pathogenic and LP respectively.

Discussion

International research has shown that in up to 40% of SUD
cases, an inherited cardiac arrhythmogenic disorder could
have been the cause of death [1, 2]. Genetic variants may,
however, differ between populations of various countries or
regions.

In this study, Case 6 was that of a 35-year-old South
African male who suddenly collapsed while walking down
the street. Emergency medical services (EMS) declared
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him dead on the scene. The autopsy revealed no other inju-
ries or signs of pre-existing disease apart from three small
superficial abrasions on the left anterolateral aspect of the
forehead and temporal region of the face. All ancillary
investigations were normal, and with a lack of any clinical
history, the ultimate cause of death remained undetermined.
Following NGS, a known heterozygous missense variant,
(p-Cys2668Trp; ClinVar accession RCV004521091.1), was
identified in exon 53 of the RyR2 gene. This variant is clas-
sified on ClinVar as a VUS related to a cardiovascular phe-
notype (PP3). Conservation scores indicate that it causes
a non-conservative amino acid substitution (Cysteine to
Tryptophan) within a highly conserved region of the pro-
tein (PM1+PP3). Additionally, eight different in-silico tools
predicted a deleterious impact on the gene or its product
(PP3).

This variant is located just outside one of the four estab-
lished RyR2 hotspots (exons 44—50) but remains within the
bridging solenoid (BSol), a major structural domain of the
protein [15, 16]. Reports have linked variants in the BSol
and N-terminal domains, which form the RyR2 interpro-
tomer contact domain, in affecting channel pore opening
[17, 19]. Exercise or stress can trigger an increase in sar-
coplasmic reticulum Ca2+release and so raise the risk of
delayed onset depolarization (DOD) and fatal ventricular
arrhythmias [17, 20]. In Case 6, records indicate light exer-
cise prior to death, supporting the relevance of a variant in a
gene known for exercise-induced ventricular tachycardias.

Case 10 involved a 24-year-old South African male who,
like Case 6, suddenly collapsed while walking in a shop-
ping mall. He was pronounced dead at the scene before any
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emergency treatment could be administered. The autopsy
revealed no external injuries, and internal examination
showed only non-specific lung and visceral organ conges-
tion. Ancillary investigations returned normal results, leav-
ing the cause of death undetermined. Post-mortem genetic
testing identified a known VUS in exon 3 of the SNTA/ gene
(heterozygous ¢.500T>C; p.Lys167Arg; 1rs932909554).
All eight in-silico tools predicted a deleterious functional
effect, supported by conservation scores indicating a non-
conservative amino acid change within a conserved pro-
tein domain. Additionally, a global mean allele frequency
(MAF) of 0.00007 and an African MAF of 0.0003 were
reported, providing moderate and supporting evidence of
pathogenicity (PP3+PM1).

Exome Aggregation Consortium (ExAC)

http://exac.broadinstitute.org/

Exome Variant Server (EVS)
Genome Aggregation Database (gnomAD)

http://gnomad.broadinstitute.org

dbSNP
http://www.ncbi.nlm.nih.gov/dbvar

http://evs.gs.washington.edu/EVS
1000 Genomes
http://browser.1000genomes.org
http://www.ncbi.nlm.nih.gov.snp

Population database
dbVar

The SNTAI gene encodes the heart-expressed syntrophin
isoform, a channel-interacting protein that regulates ion
channel gating kinetics, particularly the SCN5A channel,
through connections to various intracellular pathways [21,
22]. The p.Lys167Arg variant found in Case 10 was located
in the PDZ domain of the SNTAI gene, which is crucial for
regulating the cardiac sodium (SCNS5A) channel by bind-
ing to its C-terminus [21, 22]. SNTAL1 has also been shown
to play a key role in the genetic regulation of ventricular
cardiac muscle cell membrane repolarization, with variants
linked to atrial fibrillation and long QT syndrome (LQTS)
[21-23].

Case 18 was a 38-year-old South African male who col-
lapsed during a casual soccer match in a park. He was
declared dead on the scene after numerous attempts by
EMS failed to revive him. At autopsy, no external inju-
ries to the body were noted. An internal examination only
revealed non-specific congestion of the brain, with no signs
of injury or underlying disease in the other organs. Toxicol-
ogy showed the presence of cannabis; but this was not con-
sidered to be the cause of death. All additional ancillary tests
were normal, with no personal and / or family medical his-
tory of the deceased available. The cause of death remained
unexplained.

A novel heterozygous ¢.954 C>G (p.Trp318Cys) VUS
was found in exon 10 of the CASQ?2 gene after NGS analy-
ses. This non-conservative substitution of tryptophan with
cysteine occurred in a highly conserved protein region
and is associated with a cardiovascular phenotype. This
VUS has no reported MAF, and all eight in-silico predic-
tion tools indicated a deleterious effect on the gene and its
product, with moderate supporting evidence of pathoge-
nicity (PM1+PP3). The affected gene (CASQ2) encodes
a crucial calcium-binding protein located in the sarco-
plasmic reticulum responsible for calcium buffering and

SIFT (http://sift.jvci.org)

Table 1 List of in-silico algorithms and population databases used in variant annotation and functional effect prediction

In-silico algorithm
PolyPhen-2 HVAR (http://genetics.bwh.harvard.edu/pph2)

PolyPhen-2 HDIV (http://genetics.bwh.harvard.edu/pph2)
LRT (http://genome.cshlp.org/content/19/9/1553

MutationAssessor (http://mutationassessor.org)
MutationTaster (http://www.mutationtaster.org)
PROVEAN (http://provean.jcvi.org/index.php)

FATHMM (http://fathmm.biocompute.org.uk)
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Table 2 Summary of six variants subjected to further evaluation of pathogenicity

Associated disease

CPVT
LQTS

Variant classification

Reference number
\%

Exon
53
3

Gene

Variant

Sex Activity at TOD
Exertion

Age
35

Case number

Case 6

usS

RCV004521091.1
rs932909554

Novel

RYR2

¢.8004G>C (p.Cys2668Trp)

y
y

VUS
VUS

SNTAI
CASQ2
KCNEI

¢.500T>C (p.Lys167Arg)
¢.954 C>A (p.Trp318Cys)

¢.226 C>T (p.Asp76Asn)

c.40G>A (p.Argl4Cys)
catecholaminergic polymorphic ventricular tachycardia; LQTS

M Unknown

24

Case 10

CPVT

10
3
1

Exertion

Rest
Rest

38y
male; CPVT

23

Case 18

LQTS, BrS, ARVC

BrS

Pathogenic

1s74315445

y

Case 32

Likely pathogenic
arrhythmogenic right ventricular dysplasia; BrS

rs750771811

long QT syndrome; ARVC

SCN104

28y

Case 51

=Bru-

years; M=

Abbreviations: y

gada syndrome

regulation of calcium release channels in cardiac muscle
cells [24, 25]. The protein comprises three thioredoxin-like
domains enclosing a negatively charged hydrophilic core,
as well as N-terminal and C-terminal (tail) regions [26]. The
p-Trp318Cys variant is situated within the conserved heli-
cal portion of Domain III, near the C-tail. This domain is
essential for SR targeting and CASQ2 polymerization, with
variants in this region linked to catecholaminergic polymor-
phic ventricular tachycardia (CPVT) [25, 26]. Lahat et al.
[25] reported the p.Asp307His missense variant in an Israeli
family with CPVT, also located in Domain III of the CASQO2
gene.

Case 51 was a 28-year-old South African male who, as a
passenger in his friend’s car, suddenly started complaining
of not feeling well and rapidly lost consciousness. He was
rushed to the hospital, where he was declared dead upon
arrival. Personal medical history indicated a visit to a gen-
eral medical practitioner one week prior to his death, with
complaints of flu-like symptoms. He received general medi-
cation for the relief of these symptoms and family mem-
bers said he had no further complaints for the remainder of
that week. No history or signs of drug use were reported. At
autopsy, an external examination of the body revealed no
injuries, with only signs of medical intervention recorded.
Macroscopic and microscopic autopsy findings only
included non-specific generalised organ congestion, with
no injuries or comorbid illnesses noted. A full medico-legal
death investigation failed to determine a cause of death.

A known heterozygous p.Argl4Cys (rs750771811) vari-
ant was found in the SCN10A4 gene after genetic analysis.
This variant was considered LP as it was rare with a MAF
of 0.000020 and located in a critical functional domain of
the gene (PS4+PM1), was a non-conservative amino acid
change, with a large physicochemical difference in the same
position as another documented pathogenic missense vari-
ant (PMS5), and eight different in-silico tools all predicting a
deleterious effect on the gene/gene product (PP3). This vari-
ant was documented in the Forensics Science International:
Genetics journal as a novel LP variant (PP5) [1].

The SCNI10A gene encodes for the tetrodotoxin-resis-
tant voltage-gated sodium channel a-subunit 10, which
is expressed in the atrial end ventricular myocytes and is
located next to the SCN5A gene on chromosome 3, sharing
70.4% similar amino acid sequences [27, 28]. The SCN10A
channel plays an important role in the electrical function of
the heart. Dependent on the voltage difference across the
cardiomyocyte’s membrane, the SCN10A channel mediates
its sodium ion permeability, and is responsible for the initia-
tion and propagation of the cardiac action potential [29-31].
The SCN10A channel consists of a cytoplasmic N-terminus,
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four homologous domains (each consisting of six a-helical
transmembrane segments) and a cytoplasmic C-terminus
[29, 30]. The variant found in this case was identified in
exon | and located in the cytoplasmic N-terminus of the
protein. Variants located in the N-terminus and C-terminus
of the channel have been associated with Brugada syndrome
(BrS), characterised by a reduction in the late sodium cur-
rent and a slowing in the action potential firing, resulting in
cardiac arrhythmias and SCD [27, 31].

Three different variants, all linked to BrS and / or SCD,
have been reported at the Arg amino acid position 14
(p-Argl4) of the SCNI10A4 gene [1, 27, 29]. Zhang et al.
[27]. identified the p.Argl4His variant in a case of SUD
in the Chinese population, which they considered to be LP
and the genetic cause of death. Hu et al. [29]. identified the
p.Argl4Leu variant in an American family where a diag-
nosis of BrS was made during a bout of fever in the pro-
band. Functional expression studies showed that this variant
causes a significant reduction in sodium channel avail-
ability, leading to a positive shift of half-activation volt-
age, ultimately reducing the cardiomyocyte’s excitability,
and initiating cardiac arrhythmias [29]. The third variant,
a homozygous p.Argl4Cys, was reported by Heathfield et
al. [1]. in a two-month old male SUID case in South Africa.
This homozygous variant was the same as the heterozygous
variant found in Case 51. No cause of death could be estab-
lished, with only a history of flu-like symptoms reported.
The variant was classified as LP and the probable cause of
SUD.

Case 32 was that of a 23-year-old South African male who
was found unresponsive in his home. Shortly after EMS
arrival, he was declared dead on the scene. At autopsy, no
injuries were noted upon external examination of the body.
An internal investigation revealed non-specific generalised
organ congestion. As a result of the non-specific autopsy
findings and negative results from all ancillary investiga-
tions, no definitive cause of death could be ascertained. Sub-
sequently, a known p.Asp76Asn variant (heterozygous) in
the KCNE! gene was identified and considered pathogenic
as it was highly conserved across species and found in a
well-established functional domain (PM1), it was rare with
an African MAF of 0.00000 and global MAF of 0.00009
(PS4, PM2), there was a large physiochemical difference
between amino acids, with eight different in silico tools pre-
dicting pathogenicity (PP3), and three international clinical
laboratories classified it as pathogenic in databases, with
functional studies and family segregation supporting the
evidence (PS3, PP1 and PP5) [32].

The KCNE1 gene encodes for a small transmembrane mod-
ulatory subunit, which binds to the KCNQI protein to form

a voltage-gated ion channel complex and is expressed in the
cardiac ventricular myocytes [33, 34]. This complex forms
a slowly activating and slowly deactivating cardiac delayed
rectifier current (Ix) that is critical in regulating the cardiac
action potential [33, 35]. The KCNEI1 protein consists of
an extracellular N-terminus, a single helical transmembrane
domain, and a highly conserved intracellular C-terminus.
It is the C-terminus of the KCNEI, specifically the region
between amino acid 70 and 81 that binds to the C-termi-
nus of the KCNQ1 protein to form the potassium channel
complex [36, 37]. The p.Asp76Asn variant identified in
this study was located in this critical region of the KCNE1
C-terminus. When bound to the KCNQI protein, KCNE1
modulates the physical properties of the channel, result-
ing in an increase in the outward current amplitude and
thereby slowing its ultimate activation [33, 36, 37]. Variants
located in the C-terminus of the KCNE gene, especially the
p-Asp76Asn, have been linked to LQTS-diagnosed patients
and SCDs [36]. Studies have shown that variants in the criti-
cal region of the KCNEI C-terminus, shift the KCNQI1’s
voltage dependence of activation to more depolarising (pos-
itive) voltages, causing a reduction in potassium channel
conductance (33-35). The p.Asp76Asn variant has specifi-
cally been shown to reduce the outward Iy current density,
causing a delay in repolarisation and ultimately prolonging
the cardiac action potential, leading to an increase in sus-
ceptibility to cardiac arrhythmias and SCD [33, 35, 37].
Many developed countries have included molecular test-
ing as standard when investigating unexplained sudden
deaths with a suspected cardiac arrhythmogenic disorder
[38]. To our knowledge, this is the first molecular study
analysing 49 genes related to inherited cardiac arrhythmias
in a South African cohort of SUDs in individuals aged one
to 45 years. SUIDs were excluded from this study, since
this category is typically addressed independently due to
its complexity, which includes a wide range of diseases,
the inherent vulnerability of infants, and various external
stressors. Overall, pathogenic or likely pathogenic variants
were identified in only two cases (approximately 4%), a rate
lower compared to other studies [2, 8, 11-12]. This may be
attributed to differences in cohort composition, the size of
gene panels used for NGS, or the criteria employed for vari-
ant filtering and classification. The unique genetic diversity
of South Africa is underscored in this study by the identifi-
cation of 13/175 novel missense variants and one LP vari-
ant, previously reported in a single other South African case
[1, 13, 39]. This highlights the importance of conducting
more molecular research focused on African-specific popu-
lations to enhance global public health outcomes. Genetic
analysis of SUD cases has significant clinical implications
for diagnosing and treating at-risk family members, with the
latter being linked to significantly reduced mortality [3, 40].
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Conclusion

In this study, 175 missense variants were identified via NGS
in a cohort of 51 young South African SUD cases. Of these,
92.5% (162/175) were known, documented variants, and
the remaining 7.4% (13/175) were considered novel. VUSs
were identified in 72.5% (37/51) of SUD cases. Notably,
three VUSs, including one novel variant, demonstrated
strong supporting evidence for pathogenicity, with each
detected in a distinct case. Pathogenic or LP variants were
detected in approximately 4% (2/51) of cases, indicating a
probable genetic base for an arrhythmic or cardiac conduc-
tion disorder.

Despite the limited and non-representative sample size,
this study provides initial insights into the genetic factors
contributing to SUDs in young South Africans; however,
the small cohort size, combined with a narrower gene panel,
may have contributed to a potential underdiagnosis of SUD
cases.

This study highlights the critical need for South Africa
to expand molecular research into the causes of sudden
unexplained deaths (SUDs). Future efforts should focus on
large-scale studies utilizing comprehensive gene panels to
deepen our understanding of the genetic factors contributing
to SUDs in this population and to ensure that the findings
deliver tangible benefits to the community.

Key points

1. Prevalence of Cardiac-Related Sudden Death:
Cardiac-related SUD cases (60-90% of all SUDs) are
termed sudden cardiac deaths (SCD). These cases are
a significant public health concern, with an estimated
annual global incidence of 15-159 cases per 100,000
people. This study focused on post-mortem genetic
testing, in order to identify genetic variants that could
explain sudden unexpected deaths (SUD) in young indi-
viduals, with an emphasis on genetic variants linked to
cardiac arrhythmogenic disorders.

2. Study cohort and genetic findings: The research anal-
ysed 51 unexplained SUD cases from South Africa and
found 175 different missense variants. Although most
variants were typed as likely benign, one was classified
as pathogenic, and another as likely pathogenic. The lat-
ter two could both be linked to cardiac arrhythmogenic
disorders.

3. Underrepresentation of African cohorts: The study
highlights a significant gap in genetic research in Afri-
can populations, particularly in the context of SUD.
This underrepresentation emphasizes the need for more
region-specific research.

@ Springer

4. Case-specific findings: In two of the study cases,
genetic variants in the SCN/0A4 and KCNE| genes were
identified, with one variant linked to Brugada syndrome
and another to long QT syndrome. These findings sug-
gest that the genetic variations may have contributed to
the sudden deaths in these individuals.
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supplementary material available at https://doi.org/10.1007/s12024-0
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