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Abstract: Mozambique introduced the Rotarix®

vaccine into the National Immunization Program
in September 2015. Following vaccine introduction, rotavirus A (RVA) genotypes, G9P[4] and
GIP[6], were detected for the first time since rotavirus surveillance programs were implemented
in the country. To understand the emergence of these strains, the whole genomes of 47 ELISA RVA
positive strains detected between 2015 and 2018 were characterized using an Illumina MiSeq-based
sequencing pipeline. Of the 29 G9 strains characterized, 14 exhibited a typical Wa-like genome
constellation and 15 a DS-1-like genome constellation. Mostly, the G9P[4] and G9P[6] strains clustered
consistently for most of the genome segments, except the G- and P-genotypes. For the G9 genotype,
the strains formed three different conserved clades, separated by the P type (P[4], P[6] and P[8]),
suggesting different origins for this genotype. Analysis of the VP6-encoding gene revealed that seven
GIP[6] strains clustered close to antelope and bovine strains. A rare E6 NSP4 genotype was detected
for strain RVA /Human-wt/MOZ/HCN1595/2017/G9P[4] and a genetically distinct lineage IV or
OP354-like P[8] was identified for RVA /Human-wt/MOZ/HGJM0644 /2015 /G9P|8] strain. These
results highlight the need for genomic surveillance of RVA strains detected in Mozambique and the
importance of following a One Health approach to identify and characterize potential zoonotic strains
causing acute gastroenteritis in Mozambican children.

Keywords: rotavirus A; GOP[4], GOP[6], NSP4 E6 genotype; Mozambique

1. Introduction

Rotavirus remains one of the primary causative agents of gastroenteritis in children
under five years of age, exerting a substantial global health burden [1,2]. It is estimated
that rotavirus infections resulted in 128,500 deaths in 2016, of which 104,733 occurred in
Sub-Saharan Africa [3].
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Rotavirus is a member of the Sedoreoviridae family [4]. The virus has an icosahedral
capsid formed by three concentric protein layers and a genome comprising 11 double-
stranded ribonucleic acid (dAsRNA) segments, encoding six viral and structural proteins
(VP) and five or six non-structural proteins (NSP) [5]. The gene segments encoding the
external capsid proteins, VP7 and VP4, of rotavirus group A (RVA) are used in a binary
classification system defining G and P genotypes, respectively [2,5]. Currently, 42 G and 58 P
genotypes have been described [6]. Globally, G1P[8], G2P[4], G3P[8], G4P[8], GOP[8] and
G12P[8] are the most frequently detected genotype combinations, with varying prevalence
observed across different countries [7-10].

A whole-genome classification system (based on nucleotide percent cut-off values)
allows for the classification of all 11 RVA genes into genotype constellations designated
as Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx, with “x” indicating the number of genotypes
assigned. These genotypes correspond to genome segments encoding VP7-VP4-VP6-VP1-
VP2-VP3-NSP1-NSP2-NSP3-NSP4-NSP5/6 proteins [11]. To date 321, 28R, 24C, 24M, 39A,
28N, 28T, 32E and 28H genotypes have been described [6]. The most prevalent genotype
constellations in humans are the Wa-like (I11-R1-C1-M1-A1-N1-T1-E1-H1) and DS-1-like
(I2-R2-C2-M2-A2-N2-T2-E2-H?2) constellations. A third group known as AU-1-like (I3-R3-
C3-M3-A3-N3-T3-E3-H3) is also detected in humans, albeit at a lower frequency [11-13].

Four rotavirus vaccines have received prequalification from the World Health Or-
ganization (WHO): Rotarix®, RotaTeq®, Rotavac® and Rotasiil®. These vaccines have
demonstrated significant efficacy in reducing diarrheal morbidity and mortality on a global
scale [8]. In September 2015, Mozambique introduced the Rotarix® vaccine into the National
Immunization Program. Since then, the prevalence of rotavirus infection in Mozambique
has decreased from 40.6% to 19.1% [14,15], the vaccine effectiveness has been estimated to
be lower than what was reported in many other African countries, with an effectiveness of
30% against G1P[8] strains and 35% against non-G1P[8] strains [16].

Prior to vaccine implementation, G9P[8] and G1P[8] had been the most predominant
genotypes in Mozambique [15,17]. Whole-genome analyses (WGA) of human Mozambican
RVA strains before vaccine introduction have suggested genetic diversity was partially
driven by reassortment events between animal and human strains [18,19]. However, post-
vaccine introduction, G1P[8] became the predominant genotype nationwide [15,17], despite
the use of a G1P[8]-based vaccine, although WGA of these G1P[8] strains indicated no
significant mutations in epitope regions that might lead to vaccine escape, and no distinct
clustering was observed between pre- and post-vaccine strains [20].

During the post-vaccine period, G9P[4], G9P[6], G3P[8] and G3P[4] have emerged as
predominant genotype combinations. However, the origin of these strains, as well as their
relation to the G9P[8] strains reported before vaccine introduction, remains unclear [14].
Therefore, the whole genomes of strains detected between 2015 and 2018 were determined
and analyzed in the current study in order to elucidate the origin of the G9 genotype
detected following vaccine introduction in Mozambique.

2. Materials and Methods
2.1. Sample Collection

Fifty-seven fecal samples collected between 2015 and 2018 as part of ongoing hospital-
based sampling within the National Diarrhea Surveillance System (ViNaDia) in Mozam-
bique [15] were selected for WGA. The samples collected in 2015 represent the pre-vaccine
period and those collected in 2016-2018, the post-vaccine period (Table S1). These samples
had previously tested positive for RVA by ELISA (Prospect EIA rotavirus, Basingstoke,
United Kingdom) and the binary genotype combination was determined by multiplex
Reverse Transcriptase (RT)-PCR [21-23].

2.2. Viral Genomic dsRNA Extraction, cDNA Library Building and Illumina MiSeq Sequencing

Total RNA was extracted from stool samples with TRI-reagent (Sigma, Darmstadt, Ger-
many), and single-stranded RNA was precipitated with lithium chloride. The self-priming
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PC3-T7 loop primer (Integrated DNA Technologies, Coralville, IA, USA) was ligated to
dsRNA to obtain full-length sequences. Complementary DNA (cDNA) was synthesized
using the Maxima H Minus double-stranded cDNA kit (Thermo Fisher Scientific, Mas-
sachusetts, MA, USA) as previously described [19]. The cDNA was synthesized at the
Next Generation Sequencing Unit at the University of the Free State in Bloemfontein, South
Africa. In brief, the cDNA library was made by NEBNext Ultra RNA Library Prep Kit for
Nlumina v1.2 (New England Biolabs, Ipswich, MA, USA), and NEBNext Multiplex Oligos
for llumina (New England Biolabs, Ipswich, MA, USA) according to the manufacturer’s
instructions and purified using Agencourt AMPure XP magnetic beads (Beckman Coulter,
Brea, CA, USA). Nucleotide sequencing was performed using an Illumina MiSeq sequencer
(Illumina, San Diego, CA, USA) using a MiSeq Reagent Kit V3 (Illumina, San Diego, CA,
USA) [19].

2.3. Data Analysis
2.3.1. Genome Assembly

A de novo assembly was performed for all samples using CLC Bio Genomics Work-
bench (12.0.3; Qiagen, Aarhus, Denmark); all contigs with an average coverage above
100 were identified on the Nucleotide Basic Local Alignment Search Tool (BLASTn at the
National Center for Biotechnology Information—NCBI). Reference sequences were chosen
based on the BLASTn results for reference mapping and extraction of consensus sequences
for each segment [19].

2.3.2. Determination of RVA Genotypes

The genotype of each of the 11 genes for each strain was determined using the Virus
Pathogenic database and analysis resource (ViPR) according to the guidelines proposed by
the Rotavirus Classification Working Group [6,13].

2.3.3. Phylogenetic Analysis

Multiple sequence alignment of each gene was carried out using Multiple Sequence
Comparison by Log Expectation (MUSCLE) alignment available in Molecular Evolutionary
Genetic Analysis X (MEGA X) [24].

The best nucleotide substitution model, considered as having the lowest Bayesian
Information Criterion, was calculated through Maximum Likelihood, as implemented in
Mega X, for phylogenetic analysis and the models selected for each gene were: Tamura-3-
parameter (T92+G+I) for VP7-G9, VP4-P[6], VP6-12, VP3-M2, VP7-G1 and VP2-C1, T92+G
for VP4-P[8], VP7-G3, VP7-G2, NSP1-A2 and NSP3-T2, T92+I for VP4-P[4], NSP4-E2 and
NSP4-E1, T92 for NSP4-E6, NSP1-A1 and NSP2-N1, General Time Reversible (GTR+G+I)
for VP1-R2, NSP2-N2 and VP3-M1, GTR+G for VP2-C1 and NSP5/6-H2, GTR+I for VP1-R1
and NSP5/6-H1. Maximum likelihood gene trees based on phylogenetic analysis of the
complete ORF of the 11 genome segments for all strains were constructed using MEGA
X using 1000 bootstrap replicates to estimate branch support. Pairwise distance matrix
nucleotides were obtained in MEGA X using the p-distance algorithm [24]. Mozambican
strains previously characterized as DS-1-like and Wa-like constellations were included in
the analyses, as well as other genetically similar reference strains obtained from GenBank.
The lineages were defined by previously published designations [25-32].

The computational tools for comparative genomics (mVISTA) online platform were
used to visualize the sequence similarities of concatenated full genomes of the G9P[4] and
GIP[6] exhibiting a DS-1 backbone using RVA /Human-wt/MOZ/HCN1347/2016 /G9P[6]
strain as reference [33].

2.3.4. Nucleotide Sequence Accession Numbers

The nucleotide sequence data presented were deposited in GenBank under the follow-
ing accession numbers: PP585813-PP586043 and PP848501-PP848786.
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3. Results
3.1. Genome Constellations

Of the 47 successfully sequenced samples, 61.7% (29/4) were collected in males,
53.3% (25/47) were from children between 0-11 months old and 38.3% (18/47) were from
children aged between 12-23 months old; 29.7% (14/47) were from unvaccinated children,
27.7%(13/47) from children who received two doses of the vaccine and 4.3% (2/47) were
from children that received a single dose of the Rotarix®; 91.5% (43/47) were hospitalized
due to their clinical presentation (Table S1).

Twenty-nine strains were identified as G9 strains (Table 1). The G9P[6] (1 = 9) and
GIP[4] (n = 6) strains presented a typical DS-1-like constellation (-R2-C2-M2-12-A2-N2-T2-
E2-H?2), except the strain RVA /Human-wt/MOZ/HCN1595/2017 /G9P[4] which contained
an E6 NSP4 gene (Table 1). The 14 G9P[8] strains contained a Wa-like constellation (-R1-C1-
M1-11-A1-N1-T1-E1-H1) (Table 1). The remaining strains (n = 18) characterized as G2P[4]
(n=2), G2P[6] (n =7) G3P[4] (n = 4), G3P[8] (n = 3) and G1P[8] (n = 2) presented typical
DS-1-like and Wa-like constellations (Table S2).

3.2. Phylogenetic Analysis
3.2.1. VP7 Encoding Gene
G9 Genotype

The G9 strains, in combination with P[4], P[6] and P[8], formed three different con-
served clades within lineage III (Figure 1). The G9P[4] strains from the post-vaccine period
grouped with G9P[4] strains from India detected in 2013 and 2014. The nine G9P[6] strains
detected in the post-vaccine introduction period clustered with strains from Zimbabwe
(2009 and 2011) and South Africa (2008 and 2010), but in combination with P[8] and no
other G9P[6] strains previously detected in Southern Africa. The 13 G9P[8] strains, detected
before the introduction of the rotavirus vaccine, clustered together with G9P[8] strains
from Japan that circulated in 2013. Seven of the nine G9P[6] strains were detected in unvac-
cinated children. One G9P[8] strain (RVA /Human-wt/MOZ/HGJMO0644/2015/G9P[8]),
clustered distinctly from other Mozambican strains and shared 99.1-99.2% nucleotide (nt)
identity and 98.8-99.1% amino acid (aa) identity with the other 12 G9P[8] Mozambican
strains (Table S3). This Mozambican strain clustered with a Japanese strain from 2016
(Figure 1).

G3, G2 and G1 Genotypes

The seven G3 strains clustered in lineage III (Figure S1) and shared an identity of
98.7-99.9% (98.2-100%) nt (aa). The three G3P[8] detected in vaccinated children were closely
related to G3P[8] strains from Japan and Kenya detected in 2017 and 2019 (RVA/Human-
wt/JPN/Tokyo17-21/2017 /G3P[8] and RVA /Human-wt/KEN /KLF0929/2019/G3P|[8]). The
four G3P[4] were closely related to RVA /Human-wt/PAK/PAK663/2016/G3P[4] from Pak-
istan (Figure S1). Two Mozambican G3P[8] strains previously described from a rural site
in Mozambique (RVA /Human-wt/MOZ/MAN1811450.8/2021/G3P[8] and RVA /Human-
wt/MOZ/MAN1811463.8/2021/G3P[8]) clustered between the G3P[8] and G3P[4] study
strains and shared an identity of 97.5-98.5% (98.4-99.0%) nt (aa).

All G2 strains from pre (2015) and post-vaccine introduction (2016) grouped together in
lineage IV sub lineage a-3 III (Figure S1). These strains were closely related to G2P[4] strains
from Southern Africa, including Malawi (RVA /Human-wt/MWI/BID115/2012/G2P[4])
as well as three Mozambican G2P[4] strains that circulated in 2013 (Figure S1).

The G1P[8] strains, RVA /Human-wt/MOZ/HGJM0408/2015/G1P[8] (pre-vaccine pe-
riod) and RVA /Human-wt/MOZ/HCN1556 /2017 /G1P[8] (detected in a vaccinated child),
clustered in a highly conserved clade of previously characterized G1P[8] Mozambican
strains in lineage II (Figure S1).
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Table 1. Genotype constellation of Mozambican G9P[4], G9P[6] and G9P[8] strains.

Strain Name VP7 VP4 VP6 VP1 VP2 VP3 NSP1  NSP2  NSP3  NSP4  NSP5/6
Segment 9 4 6 1 2 3 5 8 7 10 11
Walike @ W n m o w Al N m B HL
DSLlike B T S V- Sy VR R R -
RVA/ Human-wi/MOZ/ HCNI387/ 2016/ GOTTd e o e RmR @ wm e n m B m
RVA/ Human-wt/MOZ/HCNL3S9/ 2016/GOPId - B = S VR R N R T
RVA /Human-wt/MOZ/ HON1369/2017/GoPl] S = D S R S R
RVA/Human-wt/MOZ/HCN1371/2017 /GOFs] G B R M @ N T B m
RVA Human-wt/MOZ/HCN1597/ 2017 /GOFIe] Gt B R @ w  m wm m B m
RVA/ Human-wi/ MOZ/ FIGIM172/ 2017/ G9P[) e = R @ w a w B
RVA/Human-wt/MOZ/HGQ1296/2016/GIP[6] Gv Py B R C M2 A N2 T R  H
RVA /Human-wt/MOZ/ HONT347/2016/GoPl] S = N D S R S R
RVA/ Human-wt/MOZ,/FGM1583/2015/GoPle G M B R M @ N T B W
RVA Human-wt/MOZ/HCN 1595/ 2017/ GOF ] e Tl e R @ w  m w m i m
RVA/ Human-wi/ MOZ/ HCN 1855/ 2017/GOPi] e 2 R @ wm a w n B m
RVA/ Human-wt/MOZ/HCNISSS/ 2017 /GOPIi] - S VR R A R T
RVA /Human-wt/ MOZ/ HGII617/ 2017/ GOVl col 2 R @ w m m m B m
VA, Human-wt/MOZ/HCN1600/2017/GOF] oo R M @ N T B m
RVA Human-wt/MOZ,/HCN 1604/ 2017/GOF ] o T = R @ w a w n B m
RVA/ Human-wi/ MOZ/ FIGNI4S3/ 2015/ GIP(S @ Pl n R a  wm A N Tm B m
RVA/Human-wt/MOZ/HGIMO318/2015/GIPI8| Goo Pl oM R C ML AL Nl 0T El HL
RVA /Human-wt/ MOZ/HGIMO354/2015/ GOVl G W n ma  w A N m mm
RVA/ Human-wt/MOZ/HGMU355, 2015 /GoPls o WM m ma MmN m B m
RVA Human-wt/MOZ/HCNOG70/ 2015/ GOFTs o e m ®m o w Al N m B m
RVA/ Human-wi/ MOZ, FIGIMOA07 2015/ GOPE) o n R o w AL N m B m
RVA/Human-wt/MOZ/HGIMO385/2015/GIPI8] Goo Pl oM R C ML AL Nl 0T El HL
RVA,Human-wt/MOZ/ HGMO322/ 2015/ GO G m n ma A N m ®mm
RVA, Human-wt/MOZ,/HGIMO&97/ 2015/ GOFs) G mM m ma i a N m B m
RVA/ Human-aet/MOZ/HCIMUAL, 2015/ 9P o e m m o w Al N m B m
RVA /Humanwt/MOZ/HGMUSS3/ 2015/ GOFTS o T m ma  w A N m B m
RVA/ Human-wi/MOZ/HGMO389, 2015/ GoP(s @ WM om ma MmN ™ B m
RVA /Human-wt/MOZ/HGIN0645/ 2015/ GOPI Goom n ma  w A N m®mm
RVA/ Human-wt/MOZ,/HGIMOsk4/ 2015/ GOF ] o me om m a i m N m B m

Wa-like and DS-1-like genotypes constellation are shown in green and red respectively. The G9 and E6 genotype are shown in white and P[6] genotype is shown in blue [12].
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VP7-G9

RVA/Human-wt/MOZ/HCN1347/2016/G9P[6]
RVA/Human-wt/MOZ/HCN1371/2017/G9P[6]
RVA/Human-wt/MOZ/HCN1369/2017/G9P[6]
RVA/Human-wt’/MOZ/HCN1357/2016/GIP[6]
RVA/Human-wt/MOZ/HCN1359/2016/G9P[6]
RVA/Human-wt/MOZ/HCN1597/2017/G9P[6]
RVA/Human-wt/MOZ/HGM1883/2018/GIP[6]
RVA/Human-wt/MOZ/HGJM1782/2017/GIGIP[6]
JF766605 RVA/Human-wt/KOR/CAU09-376/2009/G9P[8]

@ RVAHUmMan-wt/MOZ/HGQ1296/2016/GIP[6]
KJ752797 RVA/Human-wt/ZWE/MRC-DPRU1841/2009/G9P([8]
KP753098 RVA/Human-wt/ZWE/MRC-DPRU1855/2011/G9P[8]
JNG05431 RVA/Human-wt/ZAF /MR C-DPRU4677/2010/G9P[8]
JNB05420 RVA/Human-wt/ZWE/MRC-DPRU1723/2009/GIP[8]
JN013998 RVA/Human-wt/ZAF/2371WC/2008/GIP[8]
KX574233 RVA/Human-wt/IND/RV1217/2012/G9Px
KP222836 RVA/Human-wt/MOZ/21162/2011/G9P[8]

GQ869842 RVA/Human-w/BGD/MMC153/2006/G9P[8]
AY211088 RVA/Human-wt/GHA/GH3574/0XXXGIPX
LKJ626632 RVA/Human-wt/PRY/473/2000/G9P[8]

KX778597 RVA/Human-wt/CHN/km15007/G9P([8]

HM773598 RVA/Human-wt/USA/2009727036/2009/G9P[8]
KC782524 RVA/human-wt/USA/LB1562/2010/G9P[4]
MK302438 RVA/Human-wt/IND/NIV1416531/2014/G9P[4]
LGC227993 RVA/Human-wt/IND/Kol-051/2013/G9P[4]
LC227996 RVA/Human-wt/IND/Kol-065/2013/G9P[4]
KX574250 RVA/Human-wt/IND/RV1315/2013/G9Px

@ RVAHUmMan-wt/MOZ/HGIM1647/2017/GIP[4]

@ RVAHUMan-wiiMOZ/HCN1855/2017/GIP[4]

@ RVAHuman-wiMOZ/HCN1604/2017/GIP[4]

[
L

85

©
S
00 000OOCS

=)
5

=3

q

o RVA/Human-wt/MOZ/HCN1595/2017/G9P[4]
RVA/Human-wt/MOZ/HCN1598/2017/G9P[4]
@ RVAHuman-wt/MOZ/HCN1600/2017/GIP[4]
L EF990708 RVA/Human-wi/BEL/B3458/2003/G9P[8]
EU753963 RVA/Human-wt/mcs13/IND/2007/G9P[6]
|- JX185763 RVA/Human-wt/ITAJASTI23/2007/G9P[8]
KP222830 RVA/Human-wit/MOZ/21155/2011/G9P[8]
AF438228 RVA/Human-wi/BRA/R136/1998/G9P(8]
@E F532837 RVA/Human-wt/TUN/EF 53283750000/ GIPx

~

@

JN591406 RVA/Human-wt/MAL82/2013/G9P[8]

KP941126 RVA/Human-wit/KEN/Keny-061/2008/GIP[8]
JNB05453 RVA/Human-wi/KEN/MRC-DPRU2427/2010/G9P[8]
KX632303 RVA/Human-wifUGA/MUL-12-147/2012/GIP[8]

od

8! KX632325 RVA/Human-wt/UGA/MUL-13-285/2013/GIP[8]

M| JNE05442 RVA/Human-w/ZAF/MRC-DPRU9317/1999/GIP[6]

{ AF529871 RVA/HUman-wi/ZAF /62221 P/99/1999/G9P[6]
AF529865 RVA/HUman-xx/ZAF/4330LC/98/x00/GIP[6]

KJ751663 RVA/Human-wt/ZAF/MRC-DPRU11070/1999/G9P[6]

KP752465 RVA/Human-wt/ZAF/MRC-DPRU11051/1999/GIP[6]

95 | } FJ183360 RVA/Human-oUZAF/2008/10924/99/GIP[6]

KJ751965 RVA/Human-wt/ZAF/MRC-DPRU2126/2003/G9P[6]

KJ751817 RVA/Human-wt/ZAF/MRC-DPRU797/2000/G9P[6]

KJ751707 RVA/Human-wt/ZAF/MRC-DPRU384/2000/GIP[6]

KJ753275 RVA/Human-wt/ZAF/MRC-DPRU800NOXXX/GIP[B]

KJ752689 RVA/Human-wt/ZAF/MRC-DPRU774/2000/G9P[6]

KJ752221 RVA/Human-wt/ZAF/MRC-DPRU358/2000/GP[6]

{_ AB091777 RVA/Human-x¢VNM/G0BV N/ GIPX

§4 & AB091778 RVA/Human-x/VNM/E84VN/sx/ GIPx

— JQ993318 RVA/Human-wt/BEL/BE2001/2009/G9P[6]

MF580843 RVA/Human-wt/CHN/JS2013/G9P[8]

MF580845 RVA/Human-wt/CHN/Hu/J$2015/2015/G9P[8]

@ RVAHUmMan-wt/MOZ/HGJM0644/2015/GIP[8]

LC228408 RVA/Human-wt/JPN/MI1128/2016/GIP[8]

9? LC228397 RVA/Human-wt/JPN/IS1080/2016/GIP[8]

1228386 RVAHuman-wt/JPN/CH1023/2016/G9P[8]

KT919508 RVA/Human-wt/USAVU12-13-101/2013/G9P[8]

KJ753835 RVA/Human-wt/ZWE/MRC-DPRU1158N000UG2GIP[6]

KJ753473 RVA/Human-wi/ZWE/MRC-DPRU1102/2012/GIP[8]

KJ753632 RVA/Human-wi/ZAF/MRC-DPRU1 1495/ XXXX/G9P[8]

KX778606 RVA/Human-wt/CHN/km15105/G9P[8]

LC172435 RVA/Human/JPN/YM048/2013/GIP[8]

LC172422 RVA/Human/JPN/YMO17/2013/GIP[8]

RVA/Human-wt/MOZ/HGJMO0643/2015/GIP[8]

RVA/Human-wt/MOZ/HGJM0497/2015/G9P[8]

RVA/Human-wt/MQZ/HGJM0334/2015/GIP[8]

RVA/Human-wt/MOZ/HGM0389/2015/GIP[8]

RVA/Human-wt/MOZ/HGMO0483/2015/GIP[8]

RVA/Human-wt/MOZ/HGMO0353/2015/GIP[8]

RVA/Human-wt/MOZ/HGJMO0318/2015/GIP[8]

RVA/Human-wt/MQZ/HGM0322/2015/GIP[8]

RVA/Human-wt/MOZ/HGMO0355/2015/GIP[8]

RVA/Human-wt/MOZ/HCN0370/2015/G9P[8]

RVA/Human-wt/MOZ/HGJM0385/2015/G9P([8]

RVA/Human-wt/MOZ/HGJM0407/2015/G9P[8]

RVA/Human-wt/MQZ/HGJM0413/2015/GSP 8

E/EFZGDQSB RVA/Human-wt/ CHN/ooo/97 SZ37/G9Px w

EFB72623 RVA/Human-tc/USA/WIE1/1983/GIP 1A[8]
99 - AB045372 RVA/Human-X/JPN/AU32/1986/GSP[8]

—— AJ491181 RVA/Human-tc/USA/OM46/1998/GOP[8] Jv

FJ361209 RVA/Human-xJUSA/ 16E/XXXX/AGIGIPx 1

JF521480 RVA/Human-tc/USA/G2275/1980/G9P[8] T
HQB50124 RVA/Human-tc/USA/DS-1/1976/G2P[4] Outgroup.

Figure 1. Phylogenetic tree based on the open reading frame (ORF) nucleotide sequence of the VP7-G9
encoding gene of strains circulating in Mozambique compared to global strains obtained from GenBank.



Viruses 2024, 16, 1140

7 of 17

The tree was constructed based on the maximum likelihood method implemented in MEGA X [24],
applying Tamura-3-parameter (T92+G+I) as the model. Bootstrap values (1000 replicates) >70% are
shown with Wa-like strain serving as an out-group. The scale bar indicates genetic distance expressed
as the number of nucleotide substitutions per site. G9P[4] Mozambican strains are indicated by blue
circles, G9P[6] by red circles and G9P[8] by green circles.

3.2.2. VP4 Encoding Gene
P[4], P[6] and P[8] Genotypes

All P[4] genotypes detected in the study were compared to rotavirus sequences
representing the five lineages of the P[4] encoding gene, and the results showed that
all sequences were grouped in lineage IV. It was observed that five of the G9P[4] and
one G3P[4] strains grouped with the G2P[4] strains from Kenya that circulated in 2012
(RVA/Human-wt/KEN/KLF0569/2012/G2P[4] and RVA /Human-wt/KEN/KLF0593/
2012/G2P[4]) and G9P[4] strains from India reported in 2011 (RVA/Human-wt/IND/
RV11/2011/G9P[4]) and 2013 (RVA/Human-wt/IND/Kol-047/2013/G9P[4]) and a
G3P[4] strain from Pakistan (Figure 2). Interestingly, the remaining G9P[4] strain,
RVA /Human-wt/MOZ/HCN1598/2017/G9P[4], detected in northern Mozambique,
clustered with G3P[4] Mozambican strains detected in southern Mozambique and shared
a % nt (aa) identity of 99.7-100% (99.6-100%) (Figure 2).

All nine P[6] strains in combination with G9 clustered closely together in lineage I
with the G2P[6] strains described in this study and with other G12P[6] and G2P[6] strains
previously described from Mozambique and other Southern and Eastern African countries.
The exception was RVA /Human-wt/MOZ/HCN1328/2016/G2P[6] that grouped sepa-
rately from the rest of the study strains with G12P[6] Mozambican strains detected in 2012
(Figure 3).

Thirteen G9P[8] strains from 2015 (pre-vaccine period) formed a conserved clade in
lineage III and grouped close to G9P[8] strains from Japan and China, as well as G1P[8]
strains from Australia and the USA. The three G3P[8] strains were also grouped in lineage
III, although in a separate cluster from the G9P[8] strains. The two G1P[8] (RVA/Human-
wt/MOZ/HGJMO0408/2015/G1P[8] and RVA /Human-wt/MOZ/HCN1556/2017 /G1P[8])
strains formed clusters with Mozambican G1P[8] strains reported between 2012 and 2017.
One GIP[8] strain, RVA /Human-wt/MOZ/HGJMO0644 /2015/G9P[8], clustered separately
in the rare lineage IV with G1P[8] and G3P[8] strains from Belgium and Russia (2008 and
2009, respectively) (Figure 4).

3.2.3. VP1-VP3 and VP6 Encoding Genes
VP1-VP3

For genotypes R2 (VP1) and C2 (VP2), the G9P[6] and GI9P[4] strains grouped into
the same cluster with G2P[6] and G3P[4] study strains, and was closely related to Mozam-
bican G2P[4] strains that circulated in 2013. An exception was observed for the C2 geno-
type, where the G3P[4] strains formed a separate cluster with one of the G9P[6] strains,
(RVA /Human-wt/MOZ/HGM1782 /2017 /G9P[6]) and G3P[4] strains from Pakistan which
circulated in 2016 (Figure S1).

Similar groupings were observed for the M2 (VP3) genotype. where the G9P[4]
and G9P[6] clustered in the same major clade with the G2P[6] study strains and G2P[4]
that circulated in 2013 and 2015. The exception was two study strains, (RVA/Human-
wt/MOZ/HGM1782 /2017 /G9P[6] and RVA /Human-wt/MOZ/HCN1595/2017 / GOP[4]),
that clustered separately with the study G3P[4] strains from Mozambique (Figure S1).
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The 12 genotype of G9P[4] strains grouped into a conserved cluster in lineage V and were
closely related to Malawian (RVA /Human-wt/MWI/BID1JK /2013 /G2P[4] and RVA/Human-
wt/MWI/BID2DE/2013/G1P[8]) and Indian (RVA /Human-wt/IND/CMC00024 /2012 /G2Px)
strains.

Seven of the G9P[6] strains that circulated between 2016 and 2018 shared an nt (aa)
identity of 99.9% (100%). These strains grouped into lineage IX in a cluster that con-
tained animal strains, such as antelope (RVA/Antelope-wt/ZAF/RC-18-08/G6P[14]),
with which it shared nt (aa) identity of 98.8% (100%). Also included in this cluster
were bovine strains RVA /Cow-wt/ZAF/1604/2007 /G8P[1], RVA/Cow-wt/ZAF/MRC-
DPRU1604 /2007 /G6P[1] and RVA /Cow-wt/ZAF/MRC-DPRU3010/2009/G6P[5] with an
average nt (aa) identity of 98.3% (99.6%). A VP6-encoding sequence of a human mixed in-
fection strain (RVA /Human-wt/MOZ/0060b/2012/G12P[8]P[14]), previously reported to
be of animal origin, also clustered in lineage IX, whereas bovine strains from Mozambique
(RVA/Cow-wt/MOZ/MPT-93/2016/G10P[11] and RVA /Cow-wt/MOZ/MPT-307 /2016/
G10P[11]) clustered in lineages VI and X, respectively, with an average nt (aa) identity of
94.8% (99.6%) to the study strains (Figure 5).

Two GIP[6] strains were grouped in separated clusters; one strain (RVA /Human-
wt/MOZ/HGQ1296/2016/G9P[6]) shared an nt identity of only 93.8% with the other
seven GI9P[6] strains, and formed a cluster with G2P[6] and G2P[4] study strains. Study
strain RVA /Human-wt/MOZ/HGJM1782 /2017 /G9P[6] detected in a vaccinated child
shared an average nt identity of 92.5%, with the rest of the G9P[6] strains and grouped with
G3P[4] Mozambican study strains (detected in unvaccinated children) and with G3P[4]
from Pakistan as in the other segments (Figure 5).

3.2.4. NSP1-NSP5/NSP6 Encoding Genes

The conserved clade observed in the VPs encoding genes, formed by eight G9P[6] and
five G9P[4], clustered together with G2P[4] strains from Mozambique that circulated in 2013,
2015 and 2016 for the NSP-encoding genes. The RVA /Human-wt/MOZ/HCN1595/2017/
G9P[4], RVA /Human-wt/MOZ/HGM1782 /2017 /G9P[6] and RVA /Human-wt/MOZ/
HGQ1296/2016/G9P[6] strains, continued to show varied clustering patterns across the
trees. In the NSP1-encoding gene tree RVA /Human-wt/MOZ/HCN1595/2017 / G9P[4]
clustered separately with a G9P[4] strains from India, RVA/Human-wt/MOZ/HGM1782/
2017 /GIP[6] grouped with the four G3P[4] Mozambican strains and RVA /Human-wt/MOZ/
HGQ1296/2016/G9P[6] was closely related to the major clade of the G9P[6] and GI9P[4]
study strains (Figure S1).

In the NSP2, NSP3 and NSP5 trees, only the RVA/Human-wt/MOZ/HCN1595/2017/
GIP[4] strain diverged from the group and clustered separately from the major clade. This
strain was closely related to G1P[8], G2P[6] and G9P[4] Mozambican study and Asian
strains across the trees. The major clade was related to G2P[4] and G2P[6] strains from
Mozambique and Kenya (Figure S1).

The E2 NSP4 genotypes were identified in all 15 strains with the exception of RVA/
Human-wt/MOZ/HCN1595/2017 /G9P[4] strain (Table 1). Five G9P[4] and eight G9P[6]
clustered with four G8P[4] and G2P[4] Mozambican strains from 2012 (Figure S1). The rare E6
genotype partial ORF of NSP4 encoding RVA /Human-wt/MOZ/HCN1595/2017 / GOP[4] strain
clustered with a G9P[4] Indian strain RVA /Human-wt/IND/RV0903/2009/G9P[4] detected
in 2009 with nt (aa) identity of 99.6 (98.7)% (Figure S1). This study strain was detected in a
vaccinated 8-month-old male child from Nampula province, northern Mozambique (Table S1).
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VP4-P[4]

89{_MZOZ?435.1 RVA/Human-wt/ZMB/UFS-NGS-MRC-DPRU13327/2016/G2P[4]
RVA/HUman-wt/MOZ/HGQ1141/2016/G2P[4]

MG892007.1 RVA/Human-wt/MOZ/0144/2013/G2P[4]

- MW551982.1 RVA/Human-wi/ZAF/UFS-NGS-MRC-DPRU1041/2008/G2P[4]

MWS552378.1 RVAHuman-wt/ZAF/UFS-NGS-MRC-DPRU986/2013/G2P[4]

a2 MG826750.1 RVA/HUman-w/MOZ/0440/2013/G2P[4]

RVA/Human-wt/MOZ/HGJIM0492/2015/G2P[4]

- AMG891996.1 RVA/Human-wt/MOZ/0126/2013/G2P[4]

— MZ096973.1 RVA/Human-wi/KEN/KLF1033/2018/G2P[4]

- KX646629.1 RVA/Human-wi/IND/RV0903/2009/GOP[4]

_l MZ095172.1 RVA/Human-wi/KEN/KLF0720/2014/G2P[4]
MZ085150.1 RVA/Human-wi/KEN/KLFO0712/2014/G2P[4]

08 [ KP881923.1 RVA/Human-wt/BGD/Bang-016/2008/G2P[4]

~

=

99

;{ MW552972 1 RVA/HUman-wt/ZAF/UFS-NGS-NICD9171/2012/G2P[4]
MW552850.1 RVA/Human-wt/ZAF/UFS-NGS-NICD9040/2012/G2P[4]

MG181824.1 RVA/Human-wt/MWIBID11E/2012/G2P[4]

— KC442877.1 RVA/Human-wt/USA/NVU08-09-38/2008/G2P[4]

_lMK2B451 1.1 RVA/Human-wt/RUS/Novosibirsk/Nov10-N85/2010/G2P[4]P[8]
KP007149.1 RVA/Human-wt/PHITGO12-003/2012/G2P[4]

KU248419.1 RVA/Human-wt/BGN/J263/2010/G2P[4]

— KX646622 1 RVA/Human-wt/IND/RV1207/2012/G2P[4]

— KC782522 2 RVA/Human-wit/USA/LB 1562/2010/GSP[4]
KF648975.2 RVA/Human-wt/RUS/Novosibirsk/Nov10-N404/2010/G2G4P[4]P[8]
LC105578.1 RVA/Human-wt/GHA/GHPML1989/2012/G2P[4]

MH182440.1 RVA/Human-wi/PAK419/2016/G3P[4]

KX646636.1 RVA/Human-wt/IND/RV1121/2011/GxP[4]

LC227975.1 RVA/Human-wt/IND/Kol-066/2013/G9P[4]

WMZ094068.1 RVA/Human-wit/KEN/KLF0585/2012/G2P[4]

9 || ON792105.1 RVA/Human-wuMWI/BTY275/2018/G3P[4]

ON792094.1 RVA/Human-wt/MWI/BTY27C/2018/G3P[4]

ON792137.1 RVA/Human-wi/MWIBTY29E/2018/G3P[4]

78] @ RVAHuman-wiMOZ/HGIM1856/2018/G3P[4]

KC834704.1 RVA/Human-wt/AUS/V233/1999/G2P[4]

@ RVAHuman-wtMOZ/HGIM1768/2017/G3P[4]

_| @ RVAHuman-wiMOZ/HGJIM1696/2017/G3P[4]

95! @ RVA/Human-wiMOZ/HCN1598/2017/GIP[4]

— KC443258 1 RVA/Human-wt/AUS/CK20053/2010/G2P[4]

MH182442. 1 RVA/Human-wt/PAKG63/2016/G3P[4]

KX536663.1 RVA/Human-wt/IND/RV11/2011/G9P[4]

I LC227870.1 RVA/Human wtIND/Kol 0417/2013/GOP[1]

@ RVAHuman-wiMOZ/HGIM1647/2017/GIP[4]
82 MZ093985.1 RVA/Human-wi/KEN/KLF0569/2012/G2P[4]
MZ094129 1 RVA/Human-wi/KEN/KLF0593/2012/G2P[4]
Tl @ RVAHuman-wt/MOZ/HGM1235/2016/G3P[4]
® RVAHuman-wi/MOZ/HCN1595/2017/GIP[4]
@ RVAHumanwt/MOZ/HCN1800/2017/GAP[4]
7| @ RVA/Human-wt/MOZ/HCN1855/2017/G9P[4]
97 ! @ RVA/Human-wt/MOZ/HCN1604/2017/GIP[4]
JN849129 1 RVA/Human-wt/BEL/BE1248/2009/G2P[4]
KC443546.1 RVA/Human-wi/AUS/CK20034/2006/G2P[4]

99

78 [ DQ097014.1 RVA/Human-wi/TAI/02TWSG9/ XX GIP[4]

JX865125.1 RVA/Human-wt/AUS/WAPGT703/2010/G2P[4]
1158292 1 RVA/Human-tc/PHIL26/1987/G12P[4]

—— HQ650119.1 RVA/Human-tc/USADS-1/1976/G2P[4]

AYT87644.1 RVA/Human-wt/CHN/TB-Chen/1996/G2P[4]

99

Mozambican P[4] strains

—_—

0.020

JX406750.2 RVAHuman-tc/USAWa/1974/G1P[8]

]
J
l

v

Outgroup

Figure 2. Phylogenetic tree based on the open reading frame (ORF) nucleotide sequence of the

VP4-P[4] encoding gene of strains circulating in Mozambique compared to global strains obtained

from GenBank. The tree was constructed based on the maximum likelihood method implemented in

MEGA X [24], applying Tamura-3-parameter (T92+I) as the model. Bootstrap values (1000 replicates)

>70% are shown with Wa-like strain serving as an out-group. The scale bar indicates genetic distance

expressed as the number of nucleotide substitutions per site. G9P[4] Mozambican strains are indicated

by blue circles, G3P[4] by purple circles and G2P[4] by yellow circles.
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VP4-P[6]

® RVAHuman-wiMOZ/HGN1347/2016/GIP[6]

® RVAHuman-wiMOZ/HCMN1371/2017/GIP[6]

KP222866.1 RVA/Human-wt/MOZ/21168/2011/G12P[6]

RVA/Human-wt/MOZ/HCN1369/2017/GOP[6]

RVA/Human-wt/MOZ/HGJM1782/2017/GSPIE]

RVA/Human-wt/MOZ/HCN1358/2016/GP[6]

RVA/Human-wt/MOZ/HGQ1296/2016/GSP[E]

RVA/Human-wt/MOZ/HGM1883/2018/GAP[6]

RVA/Human-wt/MOZ/HCN1597/2017/GOP[6]

ON791890.1 RVA/Human-wt/MWI/BTY2CM/2018/G3P[6]

LC406800.1 RVA/Human-wt/KEN/KDH1968/2014/G3P[8]

1gg| MG181846 1 RVAHuman-wt/MWI/BID 1AW/2012/G2P[6]

@ RVAHuman-wiMOZ/HCN1357/2016/GIP[6]

MG181768.1 RVA/Human-wt/MWIBID115/2012/G2P[6]

E [ KJ753493.1 RVAHuman-wit/ZMB/MRC-DPRU175200C0UGAP[B]
@ RVAHuman-wiMOZ/HGQ1104/2016/G2P[6]

KJ753791.1 RVA/Human-wi/ZAF/MRC-DPRU1195/2009/G2P[g]P[8]
® RVAHuman-wiMOZ/HCMNOT38/2015/G2P[6]

@ RVAHuman-wiMOZ/HGQO561/2015/G2P[6]

MG826706.1 RVA/Human-wt/MOZ/0278/2012/G12P[g]

ogd| @ RVAHuman-wtMOZ/HCN1284/2016/G2P[6]

® RVAHuman-wiMOZ/HGQ1208/2016/G2P[6]

@ RVAHuman-wiMOZ/HCN1313/2016/G2P[6]

[ JNO13996 1 RVA/Human-wt/ZAF/2371WC/2008/G9P[B]

KJ751571.1 RVA/Human-wi/ZAF/MRC-DPRU228/2009/G1G2P[6]

KM660339_ 1 RVA/Human-wt/CMR/MA202/2011/GEP[6]

KM860345.1 RVAHuman-wi/CMR/MA130/2011/G1P[6]

[ KMEB60344.1 RVA/Human-wt/CMR/MA92/2011/G1P[g]

JF460815.1 RVA/Human-tc/USA/06-242/2006/G2P[E]

KJ753832.1 RVAHuman-wt/ZWE/MRC-DPRU1158/XX0X/G2GOP[E]

omf" KJBT0881.1 RVAHuman-wt/COD/KisB565/2010/GBP[6]

KX655476.1 RVA/Human-wt/UGAMUL-12-117/2012/G3P[6]

H KJ560502.1 RVA/Human-tc/USA/CNIMC104/2011/G3P[6]

KJ560506.1 RVA/ Human-tc/USA/CNMC109/2011/G3P[6]

KP762463.1 RVA/Human-wt/ZAF/MRC-DPRU11061/1999/G9P[6]

H JF460826.1 RVA/Human-wt/BEL/F01322/2009/G3P[6]
JF460837.1 RVA/Human-wi/BEL/F01498/2009/G3P[6]
DQ321492 1 RVA/Human-wt/CHN/X.J00-486/2000/G2P[6]

JNB05440.1 RVA/Human-wi’ZAF/MRC-DPRU9317/1999/G9P[E]

KP762451.1 RVA/Human-wt/GMB/MRC-DPRU3190/2010/G2G12P[6]
KJ751996.1 RVA/Human-wt/ZAF/MRC-DPRU2130-05/2005/G12P[6]
o | HQE57163.1 RVA/Human-wt/ZAF/3176WC/2009/G12P[6]

85 | [ KF636149.1 RVAHuman-wt/ZMB/MRC-DPRU3491/2009/G12P[6]

EUB39946. 1 RVA/Human-wt/CHN/SK423/2000/G12P[6]

Pl | FJ747628 1RVAHUMan wi/GER/GER172-08/2008/G1 2P[6]

MG881974 1 RVA/Human-wt/MOZ/0050/2012/G12P[6]

ga [P || MG181879.1 RVA/Human-wt/MWI/BID 151201 2/G2P[6]

MG926779.1 RVA Human-wt/MOZ/0042/2012/G12P[6]

® RVAHuman-wiMOZ/HCN1328/2016/G2P[6]

KP222877 1 RYA/Human-wt/MOZ/21205/2011/GAP[6]

— KF636348.1 RVA/Human-wt/SWZ/MRC-DPRU4390/2010/GBGOP[6]

— EF672612.1 RVA/Human-tc/GBR/ST3/1975/G4P[6] ]
Q9

a9

~

el

—
DQ525198.1 RVA/Human wi/BRA/HST327/1999/G4P[6] 1 1
E AB176685.1 RVA/Pig-wi/JPN/IP3-6LCC0UGKPIE] 1w
88 ABT70153.1 RVA/Human-tc/JPN/AU19/1997/G1P[E] ] v

— KF726067.1 RVA/Human-wt/CHN/R1954/2013/G4P[6]
KJ412567 1 RVA/Human-wt/PRY/1809SR/2009/G4P[6]
KJ870892.1 RVA/Human-wt/COD/KisB554/2010/G8P[E]
KF835915.1 RVA/lHuman-wi/HUN/BP 1227/2002/G4P{6] vi
83 KF835920.1RVA/Human-wt/HUN/BP1801/1991/G4P[6]
[ KF835813.1 RVA/Human-wt/HUN/BP271/2000/G4P[6] ]
84 - KF835919.1 RVA/Human-wt/HUN/BP1792/2004/G4P[6]
JX406750.2 RYAHuman-tc/USAWa/1974/G1P[8] ] Outgroup

_—
020

Figure 3. Phylogenetic tree based on the ORF nucleotide sequence of the VP4-P[6] encoding gene of
strains circulating in Mozambique compared to global strains obtained from GenBank. The tree
was constructed based on the maximum likelihood method implemented in MEGA X [24], applying
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T92+G+I as the model. Bootstrap values (1000 replicates) >70% are shown with Wa-like strain
serving as an out-group. The scale bar indicates genetic distance expressed as the number of
nucleotide substitutions per site. GO9P[6] Mozambican strains are indicated by red circles and G2P[6]

by brown circles.

VP4-P[8]

G1P[8] Mozambican strains

o

e

{ MT737518.1 RVAHuman-wt/MOZ/HGJM1646/2017/G1P[8]

MT737519.1 RVAHuman-wt/MOZ/HGMO0544/2015/G1P[8]
MN478673 1 RVA/Human-wt/USA/2014741266/2014/G1P[8]
_l 0Q398195.1 RVA/Human-wt/MOZ/MAN 1811463 8/2021/G3P[8]
0Q398196.1 RVA/Human-wt/MOZ/MAN 1811450 8/2021/G3P[8]
MZ095927 1 RVA/Human-w/KEN/KLF0821/2015/G1P[8]
@ RVAHUman-wiMOZ/HGM2187/2018/G3P[8]

100]

78

@
[}

@ RVAHUman-wiMOZHGIM2122/2018/G3P[8]
ON791966.1 RVAHuman-wt/MWI/CHX11U/2019/G3P{8]
ON791955 1 RVAHuman-wt/MWI/CHX11S/2019/G3P[8]
@ RVAHuman-wi/MOZ/HGM2025/2017/G3P[8]
ON791868.1 RVAHuman-wi/MWI/BTY2BD/2018/G3P[8]

|- KX646584 1 RVA/Human-wt/IND/RV1205/2012/G1P[8]

[— KU048604.1 RVAHUman-wt/ITA/MEB59/14/2014/G12P[8]

- KX646590.1 RVA/Human-wi/IND/RV1304/2013/G1P[g]

— MG926761 1 RVA/Human-wt/MOZ/0060a/2012/G12P[8]P[14]

= KJ752342 1 RVA/Human-wt/ZAF/MRC-DPRU1191/2009/G12P[8]
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Figure 4. Phylogenetic tree based on the ORF nucleotide sequence of the VP4-encoding genes (P[8])
of strains circulating in Mozambique compared to global strains obtained from GenBank. The tree
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was constructed based on the maximum likelihood method implemented in MEGA X [24], applying
T92+G as the model. Bootstrap values (1000 replicates) >70% are shown with DS-1-like strains
serving as an out-group. The scale bar indicates genetic distance expressed as the number of
nucleotide substitutions per site. G3P[8] Mozambican strains are indicated by red circles and G9P[8]

by green circles.

VPé6-12

RVA/Human-wt/MOZ/HGQ1141/2016/G2P[4]
MG926751 RVAHuman-wt/MOZ/0440/2013/G2P[4]
MG292008 RVAHuman-wt/MQZ/0144/2013/G2P[4]
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@ RVAHuman-wi/MOZ/HGQ11296/2016/GIP[B]
MG891997 RVA/Human-wt/MOZ/0126/2013/G2P[4]
@ RVAHuman-wt/MOZHCN1328/2016/G2P[6]
@ RVAHuman-wt/MOZHCN1284/2016/G2P[6]
® RVAHuman-wtMOZ/HCN1313/2016/G2P[6]
@ RVA/Human-wi/MOZ/HGQO561/2015/G2P[6]
@ RVAHuman-wtMOZHCN0738/2015/G2P[6]
KX536664 RVA/Human-wt/IND/RV09/2009/G9P[4]
JX307601 RVA/Human-wt/IND/mcs72/2011/G8P[4]
MH170023 RVAHuman-wt/PAK419/2016/G3P[4]
MH170026 RVAHuman-wt/PAKE63/2016/G3P[4]
ONT792051 RVA/Human-wt/MVWI/BTY25L/2018/G3P[4]
ONT91997 RVA/Human-wi/MVWI/BTY22J/2017/G3P[4]
@ RVA/Human-wt/MOZ/HGM1235/2016/G3P[4]
@ RVAHuman-wtMOZHGIM1856/2018/G3P[4]
@ RVAHuman-wt/MOZ/HGJIM1782/2017/GIP[B]
@ RVAHuman-wi/MOZ/HGJIM1696/2017/G3P[4]
@ RVAHuman-wi/MOZ/HGJIM1768/2017/G3P[4]
MN066786 RVA/Human-wt/IND/CMC 00024/2012/G2Px
9 MG181671 RVA/Human-wt/MWI/BID2DE/2013/G1P[8]
01 || MG181319 RVA/Human-wt/MWI'BID1JK/2013/G2P[4]
@ RVAHuman-wtMOZ/HCN1595/2017/GIP[4]
® RVAHuman-wi/MOZ/HCN1855/2017/GOP[4]
@ RVAHuman-wi/MOZ/HGJM1647/2017/GIP[4]
97 | @ RVAHuman-wt/MOZ/HCN1600/2017/GIP[4]
@ RVAHuman-wt/MOZ/HCN1598/2017/GIP[4]
@ RVAHuman-wt/MOZ/HCN1604/2017/GAP[4]
MG891964 RVA/HUMan-wi/MQOZ/0045/2012/G8P[4]
HQE57175 RVA/HUmMan-wi/ZAF/3203WC/2009/G2P[4]
@ RVAHuman-wiMOZHGQ1104/2016/G2P[6E]
MG181847 RVAHuman-wt/MWI/BID1AW/2012/G2P[6]
MG181880 RVA/Human-wt/MWI/BID151/2012/G2P[6]
@ RVAHuman-wt/MOZ/HGQ1208/2016/G2P[6]
MG891953 RVA/Human-wt/MOZ/0044/2012/G8P[4]
MG892019 RVA/Human-wt/MOZ/0257/2012/G8P[4]
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KJ752066 RVA/Cow-wt/ZAF/MRC-DPRU3010/2009/G6P[5]
MW771153.1 RVA/ICow-wt/MOZ/MPT-93/2016/G10P[11]
DQ003294 RVA/Pig-oUIND/HP 11300/ GBP[13]
KP882628 RVA/Human-wiy‘GHA/Ghan-113/2008/G8P[6]
LC095956 RVA/HUman-wiVNIM/NT0082/2007/G10P[14] 1w
FIN RVA/Human-wt/HUN/BP1062/2004/G8P[14] IR
AB748568 RVA/Cow-tc/JPN/BRV105/1983/GEP[1] )
DQ870496 RVA/Cow-tc/USA/NCDV/1967/GEP[61]
GU565089 RVA/Vaccine/USA/RotaTeq-BrB-9/1996/G4P[75]
MW771164 RVA/Cow-wt/MOZ/MPT-307/2016/G10P[11]
MW771108 RVA/Cow-wWt/ZAF/1162/2012/GEP[11]
EF554152 RVA/Sheep-tc/ESP/QVRT62/2002/G8P[14]
MG826770 RVAHuman-w/MQZ/00600/2012/G12P[8]P[14]
99 | JN831224 RVA/Cow-wt/ZAF/1604/2007/G8P[1]
KF636260 RVA/Cow-wt/ZAF/MRC-DPRU1604/2007/G6P[1]
FJ495131 RVA/Antelope-wt/ZAF/RC-18-08/2008/G6P[14]
KJ752065 RVA/Cow-wt/ZAF/MRC-DPRU3010/2009/GEP[5]
@ RVAHuman-wt/MOZ/HCN1371/2017/GAP[6]
@ RVAHuman-wt/MOZHCN1597/2017/GAP[6]
@ RVAHuman-wt/MOZ/HCN1347/2016/G9P[6]
@ RVAHuman-wt/MOZHCN1359/2016/GIP[E]
@® RVAHuman-wt/MOZ/HCN1357/2016/G9P[6]
@ RVYAHuman-wi/MOZ/HGM1883/2018/GIP[6]
@ RVAHuman-wt/MOZ/HCN1369/2017/G9P[6]
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Figure 5. Phylogenetic tree based on the ORF nucleotide sequence of the VP6-encoding 12 genes of
strains circulating in Mozambique compared to global strains obtained from GenBank. The best-fit
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nucleotide substitution model T92+G+I was used. The tree was constructed based on the maximum
likelihood method implemented in MEGA X [24]. Bootstrap values (1000 replicates) >70% are shown
with Wa-like as out-group. The scale bar indicates genetic distance expressed as the number of
nucleotide substitutions per site. G9P[4] Mozambican strains are indicated by blue circles, GOP[6] by
red circles, G3P[4] by purple circles, G2P[4] by yellow circles and G2P[6] by brown circles.

3.3. Muista Analyses

To further study the reassortment events suggested by the phylogenetic analysis,
the concatenated DS-1-like genetic backbone (VP6-VP1-VP2-VP3-NSP1-NSP2-NSP3-NSP4
NSP5/6) of the G9P[4] and GIP[6] where aligned by Mvista, using the RVA /Human-
wt/MOZ/HCN1347 /2016 /G9P[6] strain as reference. The results showed that all nine
genes of the Mozambican strain exhibited a relatively high degree of conservation, with
the exception of the VP6-encoding gene. The VP6 of the GIP[4] strains was conserved in
all strains, but showed differences when compared to G9P[6] strains except RVA /Human-
wt/MOZ/HGQ1296/2016/G9P[6] and RVA /human-wt/MOZ/HGM1782/2017 /G9P[6].

In addition, the VP1-VP3, NSP1, NSP3 and NSP4 encoding genes of the RVA /Human-
wt/MOZ/HCN1595/2017 /G9P[4] and RVA /Human-wt/MOZ/HGM1782 /2017 /GIP[6]
strains showed a different pattern compared to the other study strains, which likely derived
through reassortment events (Figure 6).

vP7 vPa VP VPL VP2 vP3 NSPL NSP2 NSP3 NSP4 NSP5/6

HCN1595/2017/G9P[4] /"’N oot o R A 1o0%
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HCN1600/2017/GOP[4] [N Sy 7005
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Figure 6. Nucleotide sequence similarities of the G9P[4] and G9P[6] concatenated genomes using the
RVA /Human-wt/MOZ/HCN1347 /2016 /G9P[6] strain as reference. The name of the Mozambican
strains is indicated on the left, and the positions of the 11 genes are indicated at the top. The scale
indicates the distance in kb.

4. Discussion

In the present study, WGS was performed for 47 strains with specific focus on strains
identified as G9P[6], GIP[4] and GIP[8], obtained from Mozambican children with gas-
troenteritis between 2015 and 2018.

The report of GOP[8] strains as the most predominant genotype in the country before
vaccine introduction and the first detection of G9P[4] and G9P[6] genotypes after the
vaccine introduction in Mozambique [15], led to the need to monitor changes in strain
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diversity at gene level. Phylogenetic analysis of the G9 Mozambican strains showed that
GIP[8] strains had a Wa-like constellation and the G9P[6] and G9P[4] strains, a DS-1-like
constellation with the exception of strain RVA /Human-wt/MOZ/HCN1595/2017 / G9P[4]
which contained an E6 NSP4 gene. These results highlight the increase of the DS-1 backbone
strains after vaccine introduction following the global trend at the time that the strains
were detected [10,34-37].

The 13 G9P[8] strains, detected before the introduction of the rotavirus vaccine, clustered
together in lineage III. The P[8] lineage Il is described as the most common globally [25].

Strain RVA /Human-wt/MOZ/HGJMO0644/2015/G9P[8] clustered in a genetically
distinct lineage known as lineage IV or OP354-like P[8]. This lineage has been reported in
different parts of Europe, Africa and Asia [25,27]. In fact, the Mozambican P[8] lineage IV
strain in this study was detected in a 9-month-old female child and could not be detected
by RT-PCR, being non-typable for the P genotype. The same observation was reported in
Ghana, where 10.4% of non-typeable rotavirus VP4 genes were identified as rare OP354-like
P[8] by full-genome sequencing of this rare strain [27,38].

The phylogenetic analysis of the G9 Mozambican strains showed a common pattern be-
tween the G9P[4] and G9P[6] strains since most of them clustered together for all gene
segments. These results indicate a common ancestral strain with the exception of the
RVA /Human-wt/MOZ/HCN1595/2017 /G9P[4], RVA /Human-wt/MOZ/HGQ1296 /2016 /
GIP[6], RVA/Human-wt/MOZ/HGM1782/2017/G9P[6] and RVA/Human-wt/MOZ/
HCN1598/2017 /G9P[4] strains, which clustered distinctly from the larger clade in some
segments.

Interestingly, the RVA /Human-wt/MOZ/HGM1782 /2017 /G9P[6] strain clustered
with the G3P[4] strains in segments encoding VP6, VP2, VP3 and NSP1. HGM1782 was
detected in the Maputo province, in the same geographic location as the G3P[4] strains,
which could explain the similar clustering for the four genome segments. The RVA /Human-
wt/MOZ/HCN1598/2017 /G9P[4] strain from the northern region of the country, clustered
with G3P[4] Mozambican strains from the southern region of Mozambique, for the VP4
encoding gene. These results were confirmed in the Mvista analysis, where these strains
were diverse in relation to the others, thus suggesting that they originated through reas-
sortment events. Most of the GIP[4] study strains were detected in vaccinated children,
unlike the G9P[6] study strains, which were mostly obtained from unvaccinated children.
Regardless, no different clusters were observed between strains detected in vaccinated and
unvaccinated children for both genotypes.

The segment encoding for VP6 had the most distinct clustering pattern among the
strains. In this segment, seven G9P[6] strains had a higher genetic identity and formed
a cluster with animal strains from South Africa and a human Mozambican strain, which
had previously been reported as a mixed infection of animal origin [18]. The antelope
strain, which was similar to the G9P[6] study strains, was highlighted as having a common
origin with the G6P[14] human strains in some segments, excluding the VP6 encoding
gene [39]. Three of these Mozambican strains were isolated from children who had contact
with animals, including horses, sheep and cats. These results suggest that interspecies
transmission occurred.

Unusual G9P[4] RVA strains have been reported in several countries, such as Indjia, Italy,
Japan, Benin and Ghana, during pre- and post-vaccine introduction periods [31,32,34-37,40-42].
It has been hypothesized that reassortment events among contemporary human rotavirus strains
generated these unusual G9P[4] strains [43]. The E6 NSP4 genotype was first identified in 2000
in India, and the analysis showed that the most common recent ancestor was likely to have been
around 1981 in Asia [31]. A recent study in Benin and Ghana described this genotype in Africa
for the first time [34,40]. The G9P[4] E6-NSP4 Mozambican strain was identified in the same
period as the Benin and Ghanian strains; however, it was related to strains from India. Only one
of the characterized strains exhibited the E6 genotype, which indicates a single inter-genotype
reassortment event or a sporadic event in Mozambique [37]. Further analyses are necessary to
compare diarrhea severity and changes in the NSP4 protein; for example, an evaluation of the
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E6 genotype in an animal model could possibly determine if the observed chances are linked to
increased pathogenesis of the genotype. In addition, continued genome surveillance is needed
to monitor the occurrence of such unusual strains and the possibility of becoming predominant
in the country causing severe acute gastroenteritis in children.

Limitations of the study include the short period analyzed (2015-2018) and the inability
to calculate the Vesikari score to compare the severity of strains from the post-vaccine period.
There is a need to expand the whole-genome analysis to strains detected after 2018 to fully
comprehend the genetic diversity of rotavirus strains detected after vaccine introduction.

5. Conclusions

The study results indicate that G9P[4] and G9P[6] strains exhibited a DS-1-like ge-
netic constellation after Rotarix® vaccine introduction in Mozambique. The occurrence of
unusual genotypes and close relationship with animal strains, suggesting inter-genotype re-
assortment and interspecies events, highlight the need for continuous genomic surveillance
of RVA strains detected in Mozambique and the importance of following a One Health ap-
proach to identify and characterize potential zoonotic strains causing acute gastroenteritis
in children.
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