Pre prints.org

Article Not peer-reviewed version

Human rhinovirus and respiratory
syncytial virus genotypes in Sudden
Unexpected Death in Infancy (SUDI)
cases at Tygerberg Hospital, Cape
Town, South Africa

Hameer Deepak Vanmali and Corena De Beer i
Posted Date: 4 March 2024
doi: 10.20944/preprints202403.0131.v1

Keywords: respiratory infection; human rhinovirus; respiratory syncytial virus; genotypes; SUDI / SIDS; infant
death; Sanger sequencing; phylogenetic analysis

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.




Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2024 d0i:10.20944/preprints202403.0131.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Human Rhinovirus and Respiratory Syncytial Virus
Genotypes in Sudden Unexpected Death in Infancy
(SUDI) Cases at Tygerberg Hospital, Cape Town,
South Africa

Hameer Deepak Vanmali and Corena de Beer *

Division of Medical Virology, Stellenbosch University, South Africa; hv@hameervanmali.com
* Correspondence: cdeb@sun.ac.za; Tel.: +27-21-938-9453, +27-82-826-0453

Abstract: Infant mortality remains a major global concern. Sudden unexpected death in infancy
(SUDI) is reported globally and accounted for 40% of infant deaths between 2012 and 2016 in the
Western Cape. Research highlighting molecular typing of respiratory viruses in SUDI cases is
lacking. A total of 116 PCR-positive human rhinovirus (HRV) and respiratory syncytial virus (RSV)
swab samples collected from the lungs and trachea of SUDI cases admitted to Tygerberg Medico-
legal Mortuary between 2015 and 2019 were included and underwent automated nucleic acid
extraction, one-step, nested RT-PCR, and amplification by gel electrophoresis before sequencing
and phylogenetic analysis. The median age of the infants were 10.9 weeks. Three distinct HRV
species were identified; HRV-A (n=28), followed by -C (n=11), and -B (n=4), including eight HRV-A,
one -B and seven -C genotypes. Both RSV-A (n=5) and -B (n=5) were detected. No RSV-A sequences
were assigned as ON1, and two samples were assigned BA9 after amino acid alignment indicating
characteristic of 20 amino acid duplication, as well as nine substitutions. This study describes the
first molecular and phylogenetic characterisation of respiratory viruses in SUDI cases in Africa.
Future studies should include identifying circulating HRV and RSV strains associated with clinical
disease severity.

Keywords: respiratory infection; human rhinovirus; respiratory syncytial virus; genotypes; SUDI /
SIDS; infant death; Sanger sequencing; phylogenetic analysis

1. Introduction

T Lower respiratory tract infection (LRTI) is a major barrier to the United Nations Millennium
Development Goal to reduce global under-five child mortality [1]. Human rhinovirus (HRV) and
respiratory syncytial virus (RSV) are common causes of LRTIs in infants and are associated with
wheezing and childhood asthma [2-11].

HRYV was first discovered in the 1950s in effort to identify the aetiology of the common cold
[12,13] and is often considered a common cold virus, although it has been implicated as a leading
cause of infant hospitalisation [5,14,15]. Primary infection through inhalation of aerosolised droplets
or physical inoculation after contact with fomites is followed by a 2-day incubation period [16]. Viral
replication and infection occur in the epithelial cells of the upper respiratory tract and LRTI [4,17].
Children are the main reservoir and experience infection four times more frequently than adults
[5,12,14,18]. HRV is a member of the family Picornaviridae and the genus Enterovirus. These viruses
are positive sense (ps), single-stranded (ss) RNA viruses. The 7 200 base pair (bp) genome consists of
structural and non-structural regions, flanked by 5 and 3’ untranslated regions (UTR). The virus is
classified by genotype into HRV-A (80 serotypes), HRV-B (32 serotypes), and HRV-C (57 serotypes),
and by cell surface receptor differences into Major and Minor groups. Over 160 genotypes exist
[16,19]. Genotype differentiation of HRV is commonly achieved by reverse transcriptase polymerase
chain reaction (RT-PCR) targeting the 5’UTR and VP4/2 followed by sequence analysis [20-27].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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RSV was first identified in 1956 in a chimpanzee during an outbreak of coryza. The virus was
later detected in humans which remain the only host [9,28]. Similar to HRV, RSV is also noted as a
leading global cause of LRTI and hospitalisations in infants [8,29-34]. Mortality may be lower in
healthy infants in developed countries; however, regardless of the socioeconomic status, infants
under the age of six months have the same high risk of childhood asthma and recurrent wheeze when
infection occurs during peak RSV season [9,35]. In 2016 RSV was reclassified into the family of
Pneumoviridae, genus Orthopneumovirus. Pneumoviridae used to be a subfamily within the
Paramyxoviridae family [36]. The virus is a non-segmented, negative sense (ns) enveloped ssRNA
virus with an approximate genome length of 15 000 bp [28]. Subtypes are based on sequence
variations of the second hypervariable region (HVR), or HRV2, of the RSV G-gene [37]. Immune
pressure, inherent lack of proof-reading capabilities, and duplication events in the RSV G-gene
ectodomain led to the detection of the Buenos Aires (BA) and the Ontario genotypes (ON) in 1999
and 2010 respectively [31,38,39]. The ON1 and BA strains of RSV-A and -B respectively, are
differentiated by nucleotide duplications in the genome 31]. The relationship between genotype
variation and clinical severity is unclear. Both RSV-A and -B co-circulate with one predominating
subtype each, after ON and BA genotypes have rapidly become the predominant subtypes across the
globe [28].

All three HRV species circulate within South Africa, commonly infecting young children. HRV-
A and -C predominate circulation, similar to Jordan, Hong Kong, and Taiwan 4,6,16,40]. A previous
South African study enrolled 220 children presenting with wheeze at Red Cross War Memorial
Children’s Hospital, Cape Town. HRV was most common (58%) and all genotypes, with HRV-C
(52%) predominating, while HRV-A (37%), and -B (11%), were also detected. More than 70% of these
children were under the age of 2 years [4]. Another South African study [42] confirmed this HRV-
species-specific dominance, however, neither of these studies investigated any relationship between
HRYV genotype and disease severity [4,42]. A more recent study conducted in sub-Sahara Africa,
specifically Mali, South Africa, and Zambia, found a higher prevalence of HRV-A in infants [25].
Clinical and molecular epidemiology data in low- and middle-income countries in Africa are limited
and the specific role of HRV in childhood respiratory disease needs elucidation [4,25].

Both RSV-A and -B subtypes circulate in South Africa and are associated with LRTIs [44,45].
RSV-associated hospitalisations is highest in infants [46]. The Drakenstein Child Health Study is an
ongoing birth cohort longitudinal study in the Western Cape, South Africa. Of the 1 143 infants
recruited into the study, 690 never developed LRTI and 152 developed LRTI as a result of RSV.
Recurrent wheeze was over ten-fold higher in this latter group (43%) than in those with no prior
infection (3%). LRTI and hospitalisation as a result of RSV were most common in winter and infants
younger than 6 months of age, becoming less common with increasing age. Risk factors included
maternal smoking, maternal human immunodeficiency virus status, season of birth, and child age
[11].

Globally, respiratory viral infections is a major burden in infants [15,32,47-49]. HRV, RSV,
human CoV, and human adenovirus are commonly detected in infants with respiratory illness, as
well as sudden unexpected death in infancy (SUDI) cases [50-53].

SUDI is defined as the sudden and unexpected death in an infant with no clinical signs
suggesting possible illness up to two days prior to death [54,55]. These cases are mandated to undergo
a medico-legal investigation in South Africa to determine the cause of death. If no cause of death can
be confirmed after an extensive autopsy, review of medical history, and death scene investigation,
such cases are classified as sudden infant death syndrome (SIDS) [56-58]. Thus, SIDS is a subset of
SUDI [59,60]. Both are regarded as leading causes of infant mortality [60,61].

Research investigating infections in SUDI cases is limited in South Africa. This will be the first
report to describe HRV and RSV genotypes in SUDI cases admitted to Tygerberg Hospital in South
Africa.
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2. Materials and Methods

This study was approved by the Health Research Ethics Committee (HREC) of Stellenbosch
University, Cape Town, South Africa (HREC Registration number: N12/02/007).

During autopsy, flocculated FLOQSwabs™ (Copan Flock technologies, Italy) samples were
collected from the trachea and left lower lobes of the lungs of SUDI cases between 2015 and 2019 and
screened with the Seegene Allplex™ RV Essential multiplex real-time RT-PCR assay (Seegene, South
Korea) as per manufacturer’s instructions for a panel of respiratory viruses. All samples positive for
HRYV or RSV were included in this study.

Samples underwent automated RNA extraction using Microlab STAR Hamilton (Hamilton
Company, USA) with the NucleoMag Pathogen Kit (Macherey-Nagel, Germany) as per the
manufacturer’s guidelines. A one-step, nested RT-PCR assay was optimised for specific gene
amplification of HRV and RSV.

Primers for genotyping were selected from the literature for HRV [22,62] (Accession number:
NC_038312) and for the RSV G-gene [63] (Accession number: NC_001803). Primer annealing and
target specificity were determined by Geneious Prime® 2021.1.1. Primers were manufactured by
Integrated DNA Technologies (USA). The Promega Access RT-PCR (USA) System was used for the
pre-nested reaction (cDNA synthesis and PCR) and the Promega GoTaq FlexiKit (USA) for the nested
reaction.

The pre-nested and nested mastermix used to sequence the HRV 5'UTR are presented in Table
1 and the primers for the amplification of the HRV 5'UTR and VP4 regions in Table 2 [22].

Table 1. Pre-Nested and Nested Master Mix used for HRV 5'UTR Sequencing.

Pre-Nested Master Mix Final concentration Volume (ul)
Nuclease Free Water - 26
AMV/Tfl 5X Reaction Buffer 1X 10
dNTP Mix 0.2 mM of each 1
Forward Primer 0.2 pmol/ul 1
Reverse Primer 0.2 pmol/ul 1
MgSOs 1 mM 4
AMYV Reverse Transcriptase 0.1 u/pl 1
Tfl DNA Polymerase 0.1 u/ul 1
Template RNA - 5
Nested Master Mix

Nuclease Free Water - 30.5
5X GoTaq® Flexi Buffer 1X 10
PCR nucleotide mix 0.2 mM of each 1
Forward Primer 0.2 pmol/ul 1
Reverse Primer 0.2 pmol/ul 1
MgClz 2mM 4
Taq DNA Polymerase 1.25u 0.5
Pre-Nested PCR product - 2

Table 2. HRV primers used for the amplification of the HRV5'UTR and VP4 regions [22].

PCR Stage Name Sequence 5" — 3’
RV-Forward 1 Sl[;C CGG CCCCTG AATRYGGCT

Pre-Nested
TCI GGI ARY TTC CAS YAC CAI

RV-Reverse 1 cC

doi:10.20944/preprints202403.0131.v1
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HRV 01.3 TACTIT GGG TGT CCG TGT TTC

Nested
HRV 02.3 GGC AACTTC CACCACCC

The master mix for the RSV G-gene pre-nested and nested sequencing is presented in Table 3
and the primers for the amplification of the G-gene region 2016) in Table 4 [63].

The pre-nested and nested thermocycling conditions for HRV and RSV were similar, the changes
to the protocol for RSV are written in brackets. In brief, the pre-nested thermocycling conditions were
45 minutes at 48°C, 2 minutes at 94°C, followed by 45 cycles of 30 seconds at 94°C, 90 seconds at 60°C
(55°C), and 1 minute at 72°C, concluding with a single cycle of 10 minutes at 72°C. Hold was set at
4°C.

Table 3. Pre-Nested and Nested Master Mix.

Pre-Nested Master Mix Final concentration Volume (ul)
Nuclease Free Water - 20.6
AMV/Tfl 5X Reaction Buffer 1X 10
dNTP Mix 0.2 mM of each 1
Forward Primer 0.2 pmol/ul 1
Reverse Primer 0.2 pmol/ul 1
MgSOs4 1 mM 4
AMV Reverse Transcriptase 0.1u/pl 1
Tfl DNA Polymerase 0.1 u/ul 1
Dithiothreitol 0.4
Template RNA - 10
Nested Master Mix

Nuclease Free Water - 30.5
5X GoTaq® Flexi Buffer 1X 10
PCR nucleotide mix 0.2 mM of each 1
Forward Primer 0.2 pmol/ul 1
Reverse Primer 0.2 pmol/ul 1
MgClz 2 mM 4
Taq DNA Polymerase 1.25u 0.5
Pre-Nested PCR product - 2

Table 4. RSV primers used for the amplification of the G-gene region [63].

PCR Stage Name Sequence 5" — 3’
SH1 CAC AGT KAC TGA CAA YAA
AGG AGC
Pre-Nested
Fl64 GTIT ATG ACACTGGTATACCAA
CcC
ATGATTWYC AYT TTG AAG TGT
ABG490
Nested TC
F9AB CAA CTC CAT KRT TAT TTG CC

The nested thermocycling conditions were 2 minutes at 94°C, followed by 40 cycles of 30 seconds
at 94°C, 1 minute at 55°C (50°C), and 30 seconds at 72°C, concluding with a single cycle of 10 minutes
at 72°C. Hold was set at 4°C.
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Following extraction, PCR amplicons were visualised on a 2% agarose gel at 200V for 40 minutes.
Visualisation was completed using the Bio-Rad ChemiDoc™ (US A/N 492085) with Image Lab™
Touch Software X (Version 2.4.0.03) set for GelGreen Gel (590/110; UV Trans with auto optimal

exposure).

Table 4. Pre-Nested and Nested Thermocycling conditions.

Pre-Nested Cycles Duration HRV Assay RSV Assay
finel:llaatluration 1 45 minutes 48°C

PCR activation 1 2 minutes 94°C

Denaturation 30 seconds 94°C

Annealing 45 90 seconds 60°C 55°C
Extension 60 seconds 72°C

Final extension 1 10 minutes 72°C

Final hold 1 Infinite 4°C

Nested

PCR activation 1 2 minutes 94°C

Denaturation 30 seconds 94°C

Annealing 40 60 seconds 55°C 50°C
Extension 30 seconds 72°C

Final extension 1 10 minutes 72°C

Final hold 1 Infinite 4°C

Post-amplification samples were purified using the QIAquick Purification kit (Qiagen, USA) to
remove dNTPs, primers, proteins and other impurities that may cause inhibition during the
sequencing step. Silica membrane technology is used to absorb the negative DNA to a slightly
positively charged column membrane. Centrifugation and wash steps were performed according to
the manufacturer’s instructions before elution of the final samples. All samples were then subjected
to Sanger Sequencing.

Phylogenetic analysis was performed by assembling patient consensus sequences with De Novo
Assemble tool of forward and reverse sequences in Geneious Prime® 2021.1.1. Each chromatogram
was assessed for overlapping fluorescent peaks prior to trimming. The Basic Local Alignment Search
Tool (BLAST) within Geneious Prime was used to identify reference sequences for each nucleotide
sequence. For HRV, Coxsackie virus (M16560) and Poliovirus 1 (V01149), and for RSV, Bovine
orthopneumovirus (AF092942), listed by the International Committee on Taxonomy of Viruses
website, were selected as outgroups for phylogenetic analysis. The accession numbers were searched
on GenBank and sequences downloaded. All files were uploaded to Multiple Alignment using Fast
Fourier Transformation version 7 software for multiple sequence alignment. Randomised Axelerated
Maximum Likelihood (RAXMLGUI 2.0) was used to determine optimal model test (HRV: General
Time Reversible substitution model with gamma distributed rate variation and invariant sites; RSV:
Hasegawa-Kishino-Yano model with gamma distributed rates), maximum likelihood tree, and
bootstrapping support for phylogenetic analysis achieved with 1 000 bootstrap replicates. Where
applicable, species and genotype assignments were assigned based on clustering on the phylogenetic
tree and BLAST results from the National Centre for Biotechnology Information (NCBI) website
(https://blast.ncbi.nlm.nih.gov/Blast.cgi).

RSV-A and -B nucleotide sequences were translated to amino acids sequences using standard
code in Geneious Prime® 2021.1.1. Thereafter, files were uploaded to Multiple Alignment using Fast
Fourier Transformation version 7 software for multiple sequence alignment. The file was viewed
using DNASTAR Version 17.4.1.17. For comparison between the SUDI sample sequences and RSV
subtypes, the HVR2 of RSV-A patient sequences were aligned with prototype strain RSV ON1
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(Accession number: JN257693; ON67-1210A), and RSV-B sequences were aligned with prototype
strain RSV-BA (Accession number: AY333364; BA/4128/99B). N-Glycosylation sites were predicted
by uploading translated amino acid sequences to online program NetNGlyc 1.0.

3. Results

HRYV and RSV samples with Ct values below 40 and 30 respectively as confirmed by Seegene
Allplex™ RV Essential testing in this study were included in manual PCR. Of the 106 expected HRV
PCR-positive samples detected by the previous screening studies (2015/2016, n=68; 2018/2019, n=38),
64 (60%) were PCR-positive on repeat testing (2015/2016, n=49; 2018/2019, n=15) and all were selected
for manual PCR.

Of the 56 expected RSV-positive samples detected by the previous screening studies (2015/2016,
n=11;2018/2019, n=45), only 15 (26%) were PCR-positive on repeat testing (2015/2016, n=10;2018/2019,
n=5), of which 10 were selected for manual PCR as the Ct values were within the RSV manual PCR
assay amplification limit determined by Ct value. The Ct values for RSV-positive samples G03 (Ct:
29.30) and GO08 (Ct: 27.99) were higher than the detection limit previously determined by the RSV
manual PCR assay, but these samples were included, and amplification was successful.

Table 5 summarises the number of positive samples for HRV and RSV for the previous collection
periods (Expected), as well as HRV and RSV results obtained by the confirmatory Seegene Allplex™
RV Essential kit (Detected). Samples selected for manual PCR met inclusion criteria for manual PCR
detection limit by measure of Ct value (HRV: <40; RSV: <30). PCR products were obtained from a
total of 60 HRV and 10 RSV positive samples which successfully amplified, of which 43 HRV and all
10 RSV samples were successfully sequenced.

Table 5. PCR-positive HRV and RSV results from previous study samples (Expected) vs. confirmatory
Allplex™RYV Essential results (Detected).

Selected for PCR products

Study Virus Expected  Detected . .
sequencing obtained
HRV 68 49 49 45
2015/2016
RSV 11 10 7 7
HRV 38 15 15 15
2018/2019
RSV 45 5 3 3

HRYV samples produced three distinct species , HRV-A (n=28), followed by -C (n=11), and -B
(n=4). In total, eight HRV-A (A28, A80, A10, A82, A43, A56, A11, and A56), one -B (B84), and seven -
C (C22, C19, C24, C35, C29, C38, and C2) genotypes were identified. HRV-A was detected in all
seasons, while -C was detected in the cooler seasons, and -B was only detected in winter.

RSV-A and RSV-B were confirmed in five samples each. None of the RSV-A sequences were
assigned as ON1, and three samples were assigned BA9 after phylogenetic analysis. RSV-A was
detected in samples from all seasons, except summer, while RSV-B was detected throughout the year.
Some samples from the same SUDI case clustered together and had a bootstrap value of 100 (HRV
samples 4A and 10B and 1 and 7, and RSV samples 5 and 9).

Phylogenetic trees for HRV and RSV are presented as Figures 1 and 2.

doi:10.20944/preprints202403.0131.v1
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Figure 1. Phylogeny of HRV 5'UTR and capsid coding region sequences of samples from SUDI cases
and reference sequences obtained from NCBI BLAST.
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Figure 2. Phylogeny of RSV G-gene sequences of samples from SUDI cases and reference sequences
obtained from NCBI BLAST.

The in Figure 1 tree was constructed using the Maximum Likelihood Method in Randomised
Axelerated Maximum Likelihood (RAxML) program with 1000 bootstrap replicates with values over
70% shown. The General Time Reversible substitution model with gamma distributed rate variation
and invariant sites (GTR + G +1I). The tree was rooted with Coxsackievirus B1 (M16560) and Poliovirus
1 (V01149), and represent the outgroups in this phylogenetic analysis, as both viruses are closely
related to the in-group (HRV) as per the ICTV website. Blue shading indicates HRV-A species, purple
shading indicated HRV-B species, and pink shading indicates HRV-C species. The Samples
successfully genotyped of each species are shaded in darker colour and are labelled with the
respective genotype following the tip label, where appropriate.

The tree was constructed using the Maximum Likelihood Method in Randomised Axelerated
Maximum Likelihood program with 1000 bootstrap replicates with values over 70% shown. The
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Hasegawa-Kishino-Yano model with gamma distributed rates (HKY + G) was used. The tree was
rooted with Bovine orthopneumovirus (AF092942), and represents the outgroup selected for
phylogenetic analysis. Blue shading indicates RSA-A genotype and purple shading indicated RSV-B
genotype. The Samples successfully subtyped of each genotype are shaded in darker colour and are
labelled with the respective subtyped following the tip label, where appropriate.

All RSV-A deduced amino acid sequences were aligned and compared to prototype ON1 strain
(Accession number: JN257693; ON67-1210A), which is characterised by a nucleotide insertion of a 72-
nucleotide duplication in the second hypervariable region of the RSV G-gene, otherwise a 23 amino
acid duplication (QEETLHSTTSEGYLSPSQVYTTS) beginning at amino acid 261 to 283 and 285 to
307. None of the RSV-A samples presented with this duplication or matching N-glycosylation sites.

BA9 genotypes display a characteristic 60 nucleotide duplication, otherwise a duplication of 20
amino acids (TERDTSTSQSTVLDTTTSKH) beginning at position 240 to 259 and 260 to 279 of the RSV
G-gene. Though sample 8 was closely related to LR699741 —genotype BA9—and Samples 5 and 9
diverge from KY249662 —also genotype BA9—as depicted in phylogenetic analysis following amino
acid alignment of all RSV-B sequences obtained in this study to sequences of prototype BA1l
(Accession number: AY333364; BA/4128/99B) and the inclusion of a BA9 subtype (Accession number:
DQ227395; BA/100/04), only samples 9, and 5 displayed the insertion of 20 amino acid duplication,
and amino acid substitutions K218T, L223P, K225I, V251T, D253N, S267P, H287Y, S288L, and E292G.
All samples showed S247P, and four showed L286P substitutions. Additionally, outside of the second
hypervariable region, all samples had 1200T substitution. Two NST N-Glycosylation sites are
reported within the RSV-B second hypervariable region of the G- gene, at codons 296 to 298 and 310
to 312. N-Glycosylation sites were determined by scores over 0.5. Sample 9 retained both N-
Glycosylation sites, at codon 296 (0.52) and 310 (N-Glyc: 0.57). Sample 5 also retained both N-
Glycosylation sites at codons 296 (0.51) and 310 (0.56). Sample 8 matched the first glycosylation site
(N-Glyc: 0.59) with N296L substitution.

Deduced amino acid alignment of RSV G-gene of RSV-A and RSV-B samples are presented as
Figures 3 and 4. RSV-A sample sequences were aligned and are shown relative to the sequence of
RSV ON1 (Accession number: JN257693; ON67-1210A), while RSV-B samples sequences were aligned
and are shown relative to sequence of prototype RSV-BA1l (Accession number: AY333364;
BA/4128/99B) and BA9 (Accession number: DQ227395; BA/100/04).

Sample 3
Sample 1

oxermonCamis | FaNLSGTISOSTIILALIIPSARITE .. S TV KL T 11101 L0 KT 1Kk N KE NNDEIE LV ENEVECS LCS NP TCWA L CKR LT NKK
Sample7 oo 1QPAG SAREYQT. .- ----- ER
Sample2 oo TIPPAG........SAREYQT .. ------ CER
Sample 3 LGH.QEN.K.K. WKENHHQAHKKTM SNH.T.GS . HY.-AHR.ASHQHH. . .H. . HTDHLQ. - - -« -« -«
Sample 1 -GY.QEN.K.K.WKENHHQAHKKTM SNH.T.GS.HY.-AHR.ASHQHH H HTDHLQ . - = = = = = = = = = = = = = o = s = = = = mmmww ===

.2 R o . .o . o ees
ON67-1210A /Canada PG ... KKTTTKP TKKE Q. TTKPKEY LT TP TGKP T INTTKINIRTTLLTSNTKGNP ENTSOTET IS TTS FGYLSTSOVY
EE O 200 220 230 240 250 2
Sample 7 QNQRKYSLPSLQESQPS.PLKQTS EIQN.RV.RKPS.Q.PP.-A.AHH.SIQHP IKRKPS.QPP . KAIAHHKSIQ
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Sample 6 o QR.SR.HESRGN 1 IRSK.N.PL.HLRRLSKP ITSLY. IR« c-n-|-coonoo-

Sample 3 - - o .. .QR.FR.H.SRGN. 1 IRSR.N.PL.HLRRLSKPITSPY. ITR-------|-----_ .- v
Sample 1 - L. ... QR.SR.H.SRGN. 1 IRSR.N.PL.HLRP-SKPITSPY . [R---cc--|ocooooooo - v

321

e e o ee . .o Y
JOFETLHSTISEGYLSPSQVYT sS

Figure 3. Deduced amino acid alignment of RSV G-gene of RSV-A samples. Sample sequences were
aligned and are shown relative to the sequence of RSV ON1 (Accession number: JN257693; ON67-
1210A).

The amino acid numbers of the sequence ruler (in blue) within the orange braces correspond to
the positions of 212 and 321 of the second hypervariable region of the G-gene of the RSV ON1
sequence. The red outlined rectangular boxes depict the 23 amino acid duplication
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(QEETLHSTTSEGYLSPSQVYTTS) of the 24 amino acid insertion, characteristic to RSV ON1. Dots
represent matching amino acid to reference sequence (RSV ON1). Dashes represent missing amino
acid. Grey shading depicts predicted N-glycosylation sites.
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Figure 4. Deduced amino acid alignments of RSV G-gene sequences of RSV-B sample. Samples
sequences were aligned and are shown relative to sequence of prototype RSV-BA1 (Accession
number: AY333364; BA/4128/99B) and BA9 (Accession number: DQ227395; BA/100/04).

The amino acid numbers of the sequence ruler (in blue) within the orange braces correspond to
the positions of 213 and 315 of the second hypervariable region of the G-gene of the RSV-BA1
sequence. The red outlined rectangular boxes depict the 20 amino acid duplication
(TERDTSTSQSTVLDTTTSKH) insertion, characteristic to RSV-BA. Dots represent matching amino
acid to reference sequence (RSV-BA1). Dashes represent missing amino acid. Grey shading depicts
predicted N-glycosylation sites.

4. Discussion

This study used retrospective respiratory tract samples collected from SUDI cases admitted to
the Tygerberg Medico-legal Mortuary in Cape Town to determine the different HRV and RSV
genotypes. The phylogenetic findings and analysis of this study were influenced by successful
retrieval, and amplification of previously identified PCR-positive HRV and/or RSV samples,
successful confirmatory PCR testing in this study, followed by successful sequencing. The literature
describes genotypic characterisation of HRV-A, -B, and -C, as well as RSV-A and -B in infants and
children admitted for hospital care in South Africa [4,44,64]; however, this is the first study to
genotype respiratory viruses in SUDI cases at Tygerberg Medico-legal Mortuary, and South Africa.

Sample 11C from the 2015/2016 study, was from a male infant, but the age was not captured in
the SUDI database or case file. While the results from this sample closely related to that of a 9-month-
old infant as per the GenBank record (Accession number: KF543881), the exact age of Infant 11C could
not be confirmed. HRV was confirmed in a 3-month-old SUDI case (HRV-A10, Sample 6A; and HRV-
A11, Samples 3A and 7B). The same HRV genotypes were confirmed in an infant presenting with
manifestations of acute respiratory illness in the literature [65]. Although HRV-A10 is less frequently
reported than HRV-A28 (which was present in Sample 11C), HRV-A56 (Samples 1, 7, and 12), and
HRV-A80 (Samples 10B and 4A from the same SUDI case) the genotype is commonly detected in
infants presenting with respiratory disease in other sub-Saharan Africa countries [25,66,67].

Genotypes HRV-A11 and HRV-AS80 were also identified in some of the 2015/2016 SUDI samples.
HRV-A80 (Samples 10B and 4A from the same SUDI case) was also detected in Tunis, Tunisia,
between 2015 and 2017 and in Guangzhou, China between 2018 and 2019 in hospitalised infants
presenting with severe and acute respiratory tract infection [68,69]. Certain HRV genotypes, such as
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HRV-A82 and HRV-A43, are not exclusively detected in infants, but also in adolescents and adults,
who may transmit the virus to infants when in close contact [70], such as bed-sharing. Most infants
in this study had reported a history of bed-sharing, in which the infant is in close contact with other
individuals for prolonged periods of time. If such individuals present with HRV or any other viral
infection, it may increase the risk of viral transmission.

During the COVID-19 pandemic the implemented “lockdown” forced individuals to spend
prolonged hours within confined spaces at home and/or other areas. There was a reported increase
in HRV infection in multiple countries, which may be the result of the high transmissibility of HRV.
In particular, HRV-A82 (Samples 4 and 5) was commonly detected in children and adolescents
presenting with respiratory disease during the COVID-19 pandemic [71,72]. Furthermore,
publications have reported genotype HRV-A43 (which was also present in Sample 10), reinfecting
children, adults and the elderly with acute respiratory infections, evidenced by prolonged viral
shedding [73-75]. This evidence suggests that HRV may either play a contributory role in infant
death, or the detection during post-mortem analysis may not infer causation of SUDI, but rather
transmission from close-contact with other infected individuals. While the results of this study could
not support or exclude this theory, or evaluated overcrowding in the infant population, a study from
the Salt River Mortuary has identified the consequences of overcrowded living conditions and
infection-related causes of death in SUDI cases [76]. Finally, subtypes HRV-A56 (Samples 1, 7, and
12), HRV-A28 (Sample 11C) and HRV-A80 (Samples 10B and 4A) were among the most frequently
reported in clinical studies reporting on HRV diversity Asia and Africa between 2013 and 2021 [16].
Only Genotype HV-A63 (Samples 5C and 10C) has been detected in another SUDI case in the
literature [77]. This may be attributed to the lack of SUDI investigations assessing viral genotypes in
forensic settings in South Africa and globally. Due to limited resources and research capacity at the
Tygerberg Medico-legal Mortuary, the sample collection periods of SUDI cases are intermittent and
it is often not possible to identify other HRV genotypes to compare to the findings in the literature.

HRV-B was least often detected in this study, which is a reported trend by molecular
epidemiology research in Tanzania, Nigeria, Kenya, Mozambique and South Africa [25,67,78-80].
This species is not associated with severe disease and parents may therefore not seek medical
attention and laboratory testing, suggesting that the true burden may be underrepresented [78].
However, genotype HRV-B84 (Samples 13A and 16C) was one of the top 25 genotypes reported by
the seven studies from Africa [16]. The low detection of HRV-B in this study might not be a true
representation of its diversity in SUDI cases in this population due to the significant sample loss (43%)
during confirmatory testing and limited sequencing success of previously collected HRV samples.

HRV-C is commonly detected in Cape Town, especially in children with respiratory disease [4].
Genotype C22 (Sample 1B) confirmed in samples from the 2015/2016 study was also detected in
children in Nigeria and Tanzania suspected of respiratory illness, and hospitalised Swedish children
[16,67,78]. HRV-C38 and HRV-C2 were identified in samples from the 2015/2016 and 2018/2019
studies respectively. Both genotypes were among the top three identified in Kenya from 2007 to 2018
in children presenting with SARI. C2 was previously detected in Amsterdam between 2007 and 2012
[16,81]. The burden of HRV infection in infants living in Africa and hospitalised in the Cape Town
Metropole has previously been well described [4,42,67].

The findings of this study suggest that certain HRV genotypes were present in the SUDI cases
at the time of death, but the studies to date were not designed to assess a causal relationship between
PCR-results and infant death. The mechanisms by which infection may lead to death, especially in
infants, may be supplemented by genotype identification in the presence of clinical features of
respiratory disease to further elucidate the role of HRV genotypes in infant death [15,82,83].

Studies from, China and Saudi Arabia report an RSV-A predominance [84,85]. While RSV-A
predominated in South Africa between 2017 and 2018, RSV-B predominated in eight other countries,
possibly due to virulence and circulation of specific strains at the time [86]. However, RSV-A remains
the most common and diverse group in South Africa [64,86-88]. Three samples collected in 2018/2019
closely related to other RSV-A isolates collected in South Africa in 2015 (Sample 2; Accession number:
MN516963) and in 2018 (Samples 6 and 7; Accession number: OK299916). Despite a high prevalence
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of ON1 in South Africa between 2015 and 2017, none of the RSV-A samples from this study closely
related to ON1. The reason could be two-fold. Either ON1 was truly absent or it could have been
present in the previous PCR-positive samples that could not be reconfirmed with retesting.

RSV-BA was first identified in 1999 in Buenos Aires and first detected in South Africa in 2006
during a nosocomial outbreak [37,85,88,89]. One study sample (Sample 8), collected in 2015/2016 from
a 1-month-old infant closely related to RSV-BA9Y first isolated from a male infant in Spain as per the
GenBank record. RSV-BA9 was first identified in Japan during the 2006 and 2007 epidemic season
and is commonly detected in infants presenting with LRTI [84,90-93]. In 2021, RSV-BA9 was detected
in an outbreak in Shenyang, China at a postpartum care centre in neonates which required
subsequent hospitalisation and presented with respiratory failure [94]. RSV-BA9 has previously been
detected in infants and other regions of South Africa, however recently published amino acid
substitutions are limited [37,44,64,87,95]. The amino acid substitutions noted in RSV-BA9 this study
were characteristics of RSV-BA9Y strains also reported by other authors [9,92,96]. Substitution 1281T
and P291L differentiating between sub-genotypes RSV-BA9a and RSV-BA9b were not noted in this
study [93]. Outside the RSV-B duplication site, Samples 5 and 9 had commonly reported RSV-BA9
K218T, L233P, and H287Y substitutions [98-100]. S247P, also a common substitution of RSV-BA9
strains, was present in all samples, while L223P was only noted in Samples 5 and 9. S247P substitution
has been reported from Taiwan, Panama, Thailand, and other cities [92,100-103]. Furthermore, 247P
with L223P and H287Y substitutions of Samples 5 and 9 were noted in strains identified in Central
African Republic between 2015 and 2018, which was a similar sample collection period of both
previous screening studies included in this analysis [104].

In the RSV-B duplication site, D253N amino acid substitution was reported in one strain during
between in the 2017 to 2019 RSV seasonal epidemics in Shanghai, China and multiple studies in India
from children presenting with respiratory disease from children presenting with LRTI [91,105,106].
Additionally, the substitution may lead to a possible third N-glycosylation site [107], but this was not
present in the current study. Interestingly, E292G substitution in samples 5 and 9, were reported in
RSV-BA10 detected in children admitted for acute respiratory infection in Vietnam and is confirmed
by other publications in RSV-BA10 genotypes [108,109]. Although Sample 10 did not present with
the amino acid duplication insertion, but it had T2541 substitution, which was reported as a
characteristic of RSV-BA9 [92]. In combination with mutation K314R, not noted in this study, the
substitution may have played a role in BA9 predominance in 2015/2016 in Taiwan at the same time
period the sample from this study was collected [100]. When RSV-B sequences were compared to
DQ227395 (BA/100/04), A269V substitution of Samples 5 and 9 were noted and reported in strains
identified in children in Shanghai, China during the COVID-19 pandemic [110].

5. Conclusions

The phylogenetic analysis of HRV and RSV in this SUDI population was severely constrained
by the much lower than anticipated sample number and manual PCR amplification limit (determined
by Ct value). Thus, the findings in this study do not extensively characterise the viral diversity of
these viruses in SUDI cases.

This was the first study at the Tygerberg Medico-legal Mortuary to investigate specific viruses
on genetic level and this forms the foundation to continue investigation to further identify and
describe distribution patterns, severity of disease, and possible associations between the identified
risk factors and genotypes for the most prevalent respiratory viruses in infants and children.
Additionally, this study describes the first findings of viral genotypes in SUDI cases. The discussion
is limited to other research which includes infants and children with respiratory disease and
subsequently HRV and/or RSV infection was detected. While the findings of this study are
incomparable to such research, the subtypes within the SUDI cases are linked to infants presenting
with severe respiratory illness in paediatric cases, which in combination with anatomical, immune,
and socio-demographic factors, may result in SUDL
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