Hindawi

Advances in Virology

Volume 2020, Article ID 8436951, 9 pages
https://doi.org/10.1155/2020/8436951

Research Article

Molecular Characterization of Norovirus Strains Isolated from
Older Children and Adults in Impoverished Communities of
Vhembe District, South Africa

G. Mulondo @,' R. Khumela®,! J. P. Kabue ®,! A. N. Traore®,! and N. Potgieter 1,2

'Department of Microbiology, School of Mathematical and Natural Sciences, University of Venda, Thohoyandou, South Africa
2School of Mathematics and Natural Sciences, University of Venda, Thohoyandou, South Africa

Correspondence should be addressed to N. Potgieter; natasha.potgieter@univen.ac.za
Received 13 December 2019; Revised 9 March 2020; Accepted 24 March 2020; Published 29 June 2020
Academic Editor: Finn S. Pedersen

Copyright © 2020 G. Mulondo et al. 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.

Background. Human norovirus (NoV) is an etiological agent associated with acute gastroenteritis (AGE) in both children and
adults worldwide. However, very few studies have been reported on the prevalence and genetic diversity of NoV strains in children
older than 5 years of age and adults with little or inadequate water and sanitation conditions. Objectives. The aim of this study was
assessing the prevalence of the human norovirus in older children and adults suffering with diarrhoea from rural communities in
the Vhembe district, Limpopo province. Methods. Between August 2017 and October 2018, stool samples were collected from
outpatients suffering from AGE and screened for NoV strains using the RIDA©GENE norovirus I and II real-time one-step RT-
PCR. RNA extracts of NoV-positive samples were subjected to RT-PCR amplification and nucleotide sequencing to genotype the
positive NoV strains. Results. Out of 80 collected stool samples, 13 (16%) were tested positive for norovirus. Genogroup GII was
identified in 6/13 (46%) samples and genogroup GI in 7/13 (54%) samples. The sequence analyses showed multiple genotypes
including GIL.Pg, GIL.1, GII.2, GIL.4, and GI.3. Phylogenetic analysis revealed the relatedness of NoV genotypes identified with
other strains reported globally. Conclusion. Continued systematic surveillance to evaluate norovirus association with diarrhoea is

needed to assist with epidemiological surveillance and disease burden in people of all the age groups.

1. Background

Currently, norovirus (NoV) is recognized as the major
leading cause of acute gastroenteritis in people of all the age
groups [1, 2]. Several studies are available on the prevalence
and distribution of NoV in developing countries. However,
only few studies have been conducted in low-income
countries [2-4]. There are also no data available on NoV
infection in outpatients such as older children and adults
from rural communities of South Africa, where most people
live in poor environmental conditions with poor sanitation,
lack of safe drinking water, and poor hygiene practices [2].

Norovirus is a small (approximately 38 nm in diameter),
nonenveloped,  positive-sense,  single-stranded = RNA
(ssRNA+) genome of approximately 7.5 Kbs in length [5-7].
Based on the capsid protein VP1, norovirus is subdivided
into ten genogroups (GI-GX) which include 49 genotypes, 2

tentative new genogroups (GNA1 and GNA2), and 3 ten-
tative new genotypes (GILNA1, GIINA2, and GIV.NA1) [8].
Based on the RdRp region of ORFI, norovirus is now
subdivided into 60 P-types, 2 tentative P-groups, and 14
tentative P-types [8]. Norovirus from genogroups L, II, and
IV is known to infect humans [9-12].

Norovirus is a causative agent of high mobility and
morbidity rate in people of all the age groups [4, 13], and it
has been estimated to be responsible for about 18% of
norovirus-associated gastroenteritis outbreaks [14, 15] with
approximately 212,000 death cases. The prevalence and
distribution of norovirus have been conducted in different
settings such as healthcare centres, hospitals, and commu-
nities. Norovirus was shown to account for 17% in inpatients
than outpatients with 20% followed by community setting
with 24% [15, 16]. In addition, NoV has shown to account
for 6-27% of acute gastroenteritis in adults of different age
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groups in several studies conducted in Canada, China, the
Netherlands, Portugal, Spain, Qatar, the USA, and the UK
[15].

In African countries, Shioda and colleagues [17] pro-
vided data from a rural community of Kenya that showed
NoV detection rates of 26.3%, 22.5%, 25.5%, 27.1%, and
16.7% in outpatients of 5-9 years, 10-17 years, 18-34
years, 35-49 years, and >50 years, respectively. In Egypt,
from March 2006 to February 2007, NoV accounted for
17% (4/23) in patients between 5 and 9 years, 4% (1/28) in
patients aged between 10 and 14 years, and 10% (2/21) in
patients of >15 years of age [18]. As such, the majority of
NoV studies is focused on children below the age of 5 years
[3]. The objective of this study was therefore to determine
the prevalence and genetic diversity of NoV in children older
than 5 years of age as well as adults in rural communities of
Vhembe District, South Africa, between 2017 and 2018.

2. Methods

2.1. Compliance with Ethical Standards. Approval for this
study was obtained from the Ethics Committees of the
Department of Health in the Limpopo province (Ref. 4/2/2)
and University of Venda (Ref. SMNS/18/MBY/03). Written
informed consent was obtained from each participant before
stool collection. An interview by health professional nurses
was conducted with the child’s parents and the adult patients
to gather information on personal details regarding the date
of birth, gender, starting date of diarrhoea, and symptoms
associated with patient illness such as abdominal pain
cramps (APC), fever, and dehydration. This survey was a
cross-sectional study.

2.2. Sample Collection. Samples were collected between
August 2017 and October 2018 from Primary Health Care
(PHC) clinics serving rural communities of the Vhembe
district in Limpopo province, South Africa. Stool samples
were randomly collected from symptomatic cases of diar-
rhoea in patients above 5 years attending PHC clinics. Sterile
specimen containers were used for collection of the stool
sample and kept at 4°C during the transportation to the
University of Venda molecular laboratory and immediately
refrigerated at —20°C prior to RNA extraction. The con-
sistency of the stool according to the Bristol stool chart was
documented [19]. Diarrhoea in this study was referred to as
the passage of three or more loose or watery liquid stools
within the preceding 24 hours [20]. Bloody stool diarrheal
samples were excluded from this study.

2.3. Viral RNA Extraction and Norovirus Detection.
Before RNA extraction, sample processing was done on each
raw specimen by diluting the stool 1:10 in phosphate buffer
saline (PBS, 0.01M, pH 7.2) (Thermo Fisher Scientific,
Waltham, Massachusetts, United States) and thoroughly
vortexed having to allow proper mixing. The published Boom
extraction method was used [21] to extract viral RNA from the
faecal suspension. RNA extracts were stored at —20°C prior to
NoV detection. Specific primers set for NoV GII and GI and
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PCR conditions as previously described [22] were performed
for NoV detection using RIDA©GENE norovirus I and II real-
time RT-PCR (R-Biopharm AG, Darmstadt, Germany). The
kit provides an internal control to assess the RNA extraction
efficiency and the PCR inhibition. The manufacturer does not
provide the description of primers and probes which are
aimed to amplify the ORF1-ORF?2 junction area of norovirus
[23]. RIDAGENE norovirus I and II multiplex real-time RT-
PCR is a one-step real-time RT-PCR format where reverse
transcription is followed by the PCR in the same tube. The kit
has a limit of detection >50 RNA copies per reaction. In this
study, a sample was considered positive if the Ct value ob-
tained is less than 45. The RIDAGENE norovirus I and IT has a
high sensitivity and specificity for detection of norovirus in
stool specimens from patients with diarrohea [24].

2.4. Genomic Amplification. Extracts which tested positive
for norovirus by one-step real-time PCR were then subjected
to RT-PCR amplification for the purpose of nucleotide
sequencing. The specific oligonucleotide primer pairs
GISKF/G1SKR to amplify 330bp of the capsid region of
NoV GI and G2SKF/G2SKR to amplify 344 bp of the capsid
region of NoV GII were used to perform One-Step Ahead
RT-PCR (QIAGEN, GmbH, Germany) as previously de-
scribed [22, 25]. In addition, 326 bp of the RdRp fragment
was amplified using primer set JV12/JV13 with the same
PCR conditions as of G1SK primers. Designed primers
(WGS 9F/WGS 9R) were used to amplify a 751 bp product of
the GII capsid that were not detected by G2SK primers.
Amplification conditions published previously were used
[25], and all PCR products were analysed using a 2% (w/v)
agarose gel in TAE buffer (40 mM Tris acetate; 20 mM acetic
acid, 1mM EDTA, and pH 8.3) stained with ethidium
bromide. The resulted PCR products were purified with a
master mix of ExoSAP (Nucleics, Australia).

2.5. Sequence Analysis and Phylogenetic Analysis. Sanger
sequencing was performed on ABI 3500XL Genetic Analyzer
POP7™ (Thermo Scientific) using the same specific primers
described previously [22]. The raw sequence reads were edited
with Finch TV v1.4 (Geospiza, Seattle, USA). The nucleotide
sequences obtained from the selected NoV strains were used
to search similar sequences in the NCBI genetic database
using the BLAST tool (available at http://www.ncbi.nlm.nih.
gov/) and then aligned using Noronet typing tools [26]
(available at http://www.rivm.nlm/norovirus/typingtool). The
reference strains from GenBank were randomly selected
among the BLAST hits with >80% similarities on the query
sequence of the NoV strains identified from this study.
Phylogenetic trees were constructed by the neighbour-joining
method [27] using MEGA 7 software, with 1,000 bootstrap
replicates for each gene [28]. The evolutionary distances were
computed using the P-distance method [29].

2.6. Statistical Analyses. Data were captured in Microsoft
Excel. The t-test to compare cycle threshold (CT) values in
diarrheal cases was performed using Paleontological
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TaBLE 1: Demographic profile (age and sex distribution) of norovirus strains detected in older children and adult patients living in rural

communities of the Vhembe district, Limpopo province.

No of Sex of ..

No of Se).( of stool  positive NoV Clinical symptoms in positive samples Stool type of positive

Age of stool patients samples

& samples ~samples (%)
patients  samples positive Diarth Diarth
cars collected . iarrhoea . iarrhoea
(years) (% Male Female for NoV Male Female Diarrhoea and Dlarrhoei and other Watery Formed Soft
0) (%) only o and APC
0 vomiting symptoms

17/80 5/17

5-10 (21%) 13 4 (29%) 3 2 0 0 1 4 1 2 2
16/80 1/16

11-18 (20%) 9 (6%) 0 1 1 0 0 0 1 0 0

19-21 3/80 (4%) 1 2 0/3 (0%) O 0 0 0 0 0 0 0 0

22-30  7/80 (9%) 2 5 0/7(0%) O 0 0 0 0 0 0 0 0
14/80 1/14

31-40 (18%) 3 11 (7%) 0 1 0 0 0 1 0 0 1
11/80 2/11

41-50 (14%) 3 8 (18%) 0 2 0 0 2 0 2 0 0
12/80 4/12

>50 (15%) 1 11 (33%) 0 4 1 0 2 1 2 0 2
80/80 13/80

Total (100%) 32 48 (16%) 3 10 2 0 5 6 6 2 5

*APC, abdominal pain cramp; NoV, norovirus.

Statistics (PAST) version 3.0. A p value <0.05 was sta-
tistically significant.

3. Results

3.1. Study Characteristics. A total of 80 stool specimens were
randomly collected at different clinics in the rural com-
munities of Vhembe District, Limpopo Province, South
Africa. The age of patients ranged between 5 years and 68
years. More stool samples were collected from females than
males. The major clinical symptoms associated with NoV
infection in this study were diarrhoea with mixed symptoms
(6/13; 46%) followed by diarrhoea with abdominal cramp
pain (5/13; 38.5%) (Table 1). Mixed symptoms included
vomiting, fever, and dehydration. Norovirus is mostly de-
tected in watery stool samples (6/13; 46%).

3.2. Prevalence and Characterisation of Norovirus Strains.
Out of 80 diarrheal faecal samples, 13 cases were tested
positive for NoV (16%) (Table 1). Norovirus was mostly
detected in adult females. Norovirus GII was detected in 6
(46%) samples, and norovirus GI was detected in 7 (54%)
samples. The internal control recovery rate was 33.25+0.97
(mean + standard deviation (sd)). A significant difference
(Student’s t-test, unpaired, t=-2.60, p<0.001) was ob-
served between the CT values of GII genotypes and GI
genotypes with their mean of 22.19 (n=6, sd=5.59) and
32.23 (n=7, sd =7.78), respectively.

Four (4) of the 13 positive NoV samples were success-
fully sequenced. Based on the capsid sequences and the
polymerase region of NoV GII, 5 genotypes were identified
for GII (Table 2), consisting of

(i) GIL.1, GII.2, and GII.4 genotypes for the sequence
with only the capsid fragment available;

(ii) GILPg for the sequences with only the RdRp
fragment gene available; and

(iii) GIL.Pg/GIL1 which is a putative recombinant for the
sequence with both the polymerase and the capsid
fragment. However, sequencing of the full junction
region of ORF1/ORF2 is required to confirm the
recombination.

One genotype was identified for GI, namely, the GI.3
strain, with only the capsid fragment identified (Table 2).

3.3. Phylogenetic Analyses of NoV Strains. The similarity of
all the reference strains used for the phylogenetic analyses in
this study was ranging from 89 to 100% (Figures 1-3).
Though with the limited number of sequences from our
sequencing set, the results of this study reveal a genetic
diversity of NoV in diarrheal stool samples collected from
patients living in rural communities of the Vhembe district.
Nucleotide sequences of the capsid and polymerase region of
five GII and one GI NoV strains were submitted to GenBank.
GenBank accession numbers for the nucleotide sequences
are as follows: MK623268; MK671479; MNI156316;
MN473875; and MN473876.

4. Discussion

For the development of the successful NoV vaccine, iden-
tification of the target age groups that are more prone to
NoV infection should be investigated, and knowledge on the
circulating genotype of NoV in people of different age
groups should also be known [31-33].

In this study, norovirus was detected amongst people of
different age groups. Most cases were detected in older
children. In adults with >19 years of age, NoV was detected
only among the females (Table 1). NoV in adult women may
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TaBLE 2: Genotype distribution of the identified NoV strains in stool specimens between September 2017 and October 2018 in rural

communities of the Vhembe district, South Africa.

Genotypes
Genogroup . . Total
RdRp Capsid RdRp/capsid
GI GI.3 (100%) 1 (100%)
GIIL1 (33.3%)
GII GIIL.Pg (100%) GII.2 (33.3%) GIIL.Pg/GIL1 (100%) 5 (100%)

GIIL4 (33.3%)

KM589658.1 Norovirus GlL.Pg / Stool / 2013 / Ethiopia

® MK623268.1 Norovirus GIL.Pg / Stool / 2017 / Venda / South Africa
KM589656.1 Norovirus GI.Pg / Stool / 2013 / Ethiopia

KM501037.1 Norovirus GIL.Pg / Stool / 2013 / China

KY548504.1 Norovirus GI.Pg / Stool / 2014 / Venda / South Africa

ﬁ#ﬁm =ik

KJ862503.1 Norovirus GILPg / Stool / 2010

MF817981.1 Norovirus Gll.Pg / Stool / 2014 / Gaborone
MF817987.1 Norovirus Gll.Pg / Stool / 2015 / Gaborone
KF475909.1 Norovirus GIL.1 / Stool / 2013 / Italy
KY471395.1 Norovirus Gll.Pg / Stool / 2012 / Thailand
GUO012318.1 Norovirus GILPg / Stool / 2013 / Brazil
GU012342.1 Norovirus Gll.4 / Stool / 2003 / Brazil
JX666272.1 Norovirus Gll.Pg / Stool / 2010 / China
JX666279.1 Norovirus Gll.Pg / Stool / 2010 / China
KC962459.1 Norovirus GIL.Pg / Stool / 2011 / South Africa
KY012289.1 Norovirus GIL.Pg / Stool / 2014 / Venda / South Africa
KR904581.1 Norovirus GI.Pg / Stool / 2011 / South Africa
KR904790.1 Norovirus GIL.Pg / Stool / 20122 / South Africa
KM462645.1 Norovirus GIL.Pg / Stool / 2013 / China
KM462657.1 Norovirus Gl.Pg / Stool / 2014 / China
KR904775.1 Norovirus GII.Pg / Stool / 2013 / South Africa
KR904657.1 Norovirus GIL.Pg / Stool / 2012 / South Africa
KP762401.1 Norovirus GIL.Pg / Stool / 2011 /Bulgaria
KR904552.1 Norovirus GIL.Pg / Stool / 2009 / South Africa
KU193695.1 Norovirus GILPg / Stool / 2011 /Brazil
KU193696.1 Norovirus GIl.Pg / Stool / 2011 / Brazil
KT239610.1 Norovirus Gll.Pg / Stool / 2013 / Australia
MK408525.1 Norovirus GlL.Pg / Stool / 2015 / Indonesia
KX353841.1 Norovirus GlL.Pg / Stool / 2016 / Brazil
MH393581.1 NOROVIRUS GlI.Pg / Stool / 2016 / Brazil

FiGure 1: Phylogenetic tree based on the 326-nucleotide sequence of the NoV GII polymerase gene fragment; the neighbour-joining tree of
the GII polymerase genotypes circulating between August 2017 and October 2018 in the rural communities of Vhembe District, Limpopo
Province, South Africa. Round black dot indicates the GII.Pg polymerase genotype from this study. Thirty reference strains of NoV are
randomly selected from GenBank with their respective accession numbers. All positions containing gaps and missing data are eliminated.

Evolutionary analyses are conducted in MEGA X [30].

be because younger people such as infants and children are
more susceptible to NoV infections because they are more
exposed to the contaminated environment, and they have
not acquired enough immunity. Thus, it is likely that NoV
infection spreads among young people to adults and elderly
more especially females who are childminders. The major
clinical symptoms associated with NoV infection in this
study were diarrhoea with abdominal cramp pain followed
by diarrhoea with mixed symptoms (Table 1). Mixed
symptoms included vomiting, fever, and dehydration.

Norovirus was mostly detected in watery stool. This suggests
high NoV detection in liquid stool as previously reported in
the study area [22].

Different genotypes of NoV were identified including
GILPg, GII.Pg/GIL1, GIL1, GIL2, GII4, and GI.3 in this
study:

(i) GIL.Pg NoV has been circulating before 2008 fol-
lowing an outbreak which occurred in Victoria in
1983 [34]. GIL.Pg genotype is associated with out-
breaks in both healthcare and nonhealthcare
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MF 683025 GlL.1 strain NoV/Env/BRA1520782/2015/GII.1
ME.683019 GIL1 strain NoV/Env/BRA/1520725/2015/GIL.1

‘ MK671479 Gll isolate GD22F VP1/Venda / SA (ORF2)
KC464 322 Hu/Gll.1/0Ohio/507/2012/USA
KC 463 911 Hu/GlL.1/0Ohio/509/2012/USA
JX 863539 Hu/Gll.1/101213/BE-3010
JX 863533 Hu/Gll.1/101025/Be-2660
KR 904389 Gll strain GlI/Hu/ZA/2011/Gll.1/Empangeni 7634
KR904342 Gll strain GlI/Hu/ZA/2011/Gll.1/Johannesburg 7779
KR904348 Gll strain Gll.Hu/ZA/2011/Gll.1/Bushbuckridge
KU 963 454 Hu/GIL.1/LBM1101/2011
JX666291 Gll.1/Jinan/INHNV0514/2011/CHN
KX073992 Gll.1 isloate ZS-A50-2013-ETH
JN 191367 water/GlL.1/10-03-08-K1/2010/ZAF
MK 101186 Gl strain Hu/Gll.1/AC244/2012/BRA
MK 101185 Gll strain Hu/GIL.1/AC270/2012/BRA
KJ 946395 GIL1 strain Jul12-C11
KJ946401 Gll.1 strain Feb12-C61
KJ 946400 GIlL.1 strain Feb12/C24

B Mvn473875 Hu/Gll.4/GD-24R-Venda-SA-2017
KR 904531 Gll strain Gll/Hu/ZA/2011/Gll.4/Ga-Rankuwa 6963
KR 904334 Gll strain Gll/Hu/ZA/2011/Gll.4/Empangeni 6822
KR904522 Gll strain Gll/Hu/ZA/2010/Gll.4 New Orleans 2009/Ga-Rankuwa 87
KY012284 Hu/Gll.variant/KJP-45C-Venda-2014
KR 904523 Gll strain Gll/Hu/ZA/2010/GlL.4/Ga-Rankuwa 90
KR 904409 Gll strain Gll/Hu/ZA/2012/Gll.4/Bushbuckridge 9721
KY012282 Hu/Gll.4 variant/KJP-30C-Venda-2014
KY012277 Hu/Gll.4variant/KJP-33C-Venda-2014
MF 182260 Gll strain Gll/wastewater/ZA/2015/GIL.2/DV E Nov 34
KR 904 373 Gll strain Gll/Hu/ZA/2012/Gll.2/Pietermaritzburg
KR 904517 Gll strain Gll/Hu/ZA/2009/Gll.2/Ga/Rankuwa 1197
KR 904344 Gll strain Gll/Hu/ZA/2011/Gll.2/Cape Town 7836
MF 182 211 Gll strain Gll/wastewater/ZA/2015/Gll.2/VL E Jul 22
KC 495639 wastewater/GIL.2/GP Octl1 1147/2011/ZAF

@ N 473 876 Hu/Gll2/GD-27R- Venda-SA-2017
JN 022614 Hu/NoV/Gll.2/HS255/2011/US
KF 279384 Hu/Gll.2/KE/Nairobi233
KF 278 389 Hu/Gll.2/KE/Nairobi247
KF 279 391 Hu/Gll.2/Ke/Nairobi254
KX 722 397 Gl1.2 isolate Hu/GI1.2/COD401/1991/BRA
MF 405 169 GI1.2 strain Hu/US/1971/GILPf Gll.2/HenrytonSP17
KJ946408 Gl1.4 strain April12-A56 CAMEROON
MF401816 Gll.4 strain Hu/Gll.4/AM109703/2010/ AM/BRA
KF 434573 Gll/Hu/BRA/2011/Gll.4 NewOrleans 2009/Machando20361
MEF 401906 Gll.4 strain Hu/GIl.4/AM111187/2010/AM/BRA
JX 975583 Hu/Gll.4/LVCA/17835/2010/BRA
KX 452716 GlI.2 strain Hu/Gl1.2/24333F17/1983/PA/BRA
KJ 179 762 GIlI.2 isolate Hu/BRA/2007/Gll.2/Rio Grande do Sul13519
KU 041576 Gl1.2 Strain Nov/FT/CHINY/YIN23 RNA
JX 439 875 Hu/Gll/Seoul1428/KOR/2010

FIGURE 2: Phylogenetic tree based on the 344-nucleotide sequence of the NoV GII capsid gene fragment; the neighbour-joining tree of the
GII capsid strains circulating between August 2017 and October 2018 in the rural communities of Vhembe District, Limpopo Province,
South Africa. Squared black dot indicates the GII.4 capsid genotype, round black dot for the GII.2 genotype, and black diamond dot for the
GII.1 capsid genotype. Forty-seven reference strains of NoV are selected from GenBank with their respective accession numbers. Evo-
lutionary analyses are conducted in MEGA X [30].
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JN191364.1 Norovirus water/GL.3/10-02-22-R3/2010/ZAF/SA

KC413380 Norovirus grounfwater/Gl.3/OB-13-05/2011/KOR

JN191357.1 Norovirus water/Gl.3/10-02-08-K2/2010/Zaf/SA

JN191366 Norovirus water/Gl.3/10-06-21-R/2010/ZAF/SA

MH107008.1 Norovirus Gl.3 isolate Hu/GI.3/DZ01/2015/CHina RdRp.
KR107846 Norovirus Gl.3 isolate sewage.SD7602/2013/China

KU291237 Norovirus GL.3 isolate JB031421079 China

JN191361.1 Norovirus water/Gl.3/10-01-04-K/2010/ZAF/SA

KT151010 Norovirus Hu/Gl.3/NZ14642/2014/NZ

MF166784.1 Norovirus Gl.3 isolate Iraq No.2 caps

KF793794 Norovirus water/Gl.3/KE/Nairobi277/2012 isolate Nairobi277
KU291235.1 Norovirus Gl.3 isolate JB031420992 China

KF049152 Norovirus GL.3 isolate G1.3/NV-4 capsid protein mRNA partial cds.
KT239552.1 Norovirus GL.3 strain Hu/GL.3/NSW3189/2014/Australia

I MN156316 Norovirus Gl isolate GD38F Venda/SA nonstructural polyprotein (ORF1)
KC495624.1 Norovirus wastewater/G1.3/GP Octl11 1145 5/2011/ZAF/SA
KF793798.1 Norovirus water/Gl.3/KE/Nairobi294/2012 isolate Nairobi294
KF793797.1 Norovirus water/Gl.3/KE/Nairobi289/2012 isolate Nairobi289
HE716748.1 Norovirus Hu/GlL.3/C2254/HCMC-VNM/2010 RdRp
KC495633.1 Norovirus wastewater/GL.3/NW Novl11 1266/2011/ZAF/SA
MKO073887 Norovirus Gl.3 isolate Hu/USA/2016/Gl.Pd-Gl.3/Baycity-0088
MH393582.1 Norovirus Gl strain Hu/BRA/2017/GlL.Pd-Gl.3/R] 26399
KP963773.1 Norovirus Hu/GL.3/LVCA/22526/2013/BRA RdRp

JF802508.1 Norovirus Hu/Gl.3/C32/Bonaberi/2009/Cameroon

JN603244.1 Norovirus Hu/Gl.3/529/2008/Lilla Edet/Sweden RdRp
LC378990.1 Norovirus G1.3 Hu/Gl/JP/2015/GL.3/FE59-2015 POL VP1 genes f
LC378984.1 Norovirus G1.3 Hu/Gl/JP/2015/G1.3/FE49-2014 POL VP1 genes

FIGURE 3: Phylogenetic tree based on the 330-nucleotide sequence of the NoV GI capsid gene fragment; the neighbour-joining tree of the GII
capsid strains circulating between August 2017 and October 2018 in the rural communities of Vhembe District, Limpopo Province, South
Africa. Squared black dot indicates the GI.1 capsid genotype. Twenty-seven reference strains of NoV are selected from GenBank with their
respective accession numbers. Evolutionary analyses are conducted in MEGA X [30].

settings worldwide [34]. Reports of the detection of
GII.Pg norovirus in humans as previously described
[34] include studies in Australia [23, 35], Belgium
[36], Spain [37], Taiwan [38], Germany [39], Italy
[40], China [41], France [42], Tanzania [43], and
South Africa [44]. The phylogenetic analysis
revealed that the GIL.Pg strain shares common
ancestors with other common strains circulating in
Africa including Ethiopia and Gaborone (Figure 1).
Population movement within the African continent
may facilitate the circulation of NoV strains on the
continent.

(ii) In the current study, a putative NoV recombinant

genotype (GIL.Pg/GII.1) was identified in 1 out of 5
(20%) of the successfully sequenced amplicons. The
recombinant form of GILPg/GIL1 had been pre-
viously reported in South Africa [2] and other
countries such as France [42], Germany [39],
Indonesia [45], and Thailand [46]. This is an open
door to the genetic variation of NoV strains. In
Brazil, the GII.Pg/GII.1 putative recombinant strain
was suggested to cause more severe symptoms [47].
Therefore, combined characterization of both cap-
sid and polymerase regions is substantial to monitor
the new recombinant strains and the new emerging
NoV genotype worldwide.

(iii) GIL1 capsid genotype found in this study has been

recently reported in Cameroon [48], Brazil [49, 50],
Australia [51], India [52], and elsewhere [53-55].
This genotype is frequently reported from both
clinical cases and environmental samples. In the
phylogenetic tree, GIL1 clustered together with the

genotypes from environmental samples (Figure 2).
This could be supported by Motoya et al.’s [56]
speculation that both GI and GII strains can be
detected in environmental samples.

(iv) GII.2 genotype reported in this study has been

previously reported more common in hospitalised
older children than in younger children [31, 57, 58].
Between 2016 and 2017, the GIL.2 genotype was
predominant in China [14] and Cameroon [48].
This study finding is in agreement with the previous
study done by Bruggink et al. [31] who reported
GII.2 as the common variant in children suffering
from AGE. Also, the GIL2 strain identified in this
study was closely related with other GII.2 genotypes
reported in other African countries (Figure 2).

(v) NoV GII.4 strains have been previously reported as

the predominant genotype associated with sporadic
cases or occasional outbreaks [59, 60]. Identified
GIL4 genotype detected in this study is closely
related to the South Africa/2010-2016 strains
(Figure 2). Phylogenetic analysis of the GII.4 strain
from our study and those which have been previ-
ously reported shows the continuous circulation of
the GIL.4 variant among the rural communities in
the northern part of South Africa.

(vi) Norovirus GI strains have been previously associ-

ated with NoV-related waterborne outbreaks [61].
Esteves et al. [62] reported NoV GL.3 as the most
frequently detected strain in Africa after the pre-
dominantly circulating NoV GII.4 strain. In the
present study, GI.3 was detected only in one sample
and was found to be closely related to other strains
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reported in South Africa (Figure 3). As mentioned
above, norovirus GI strains are mostly associated
with environmental samples than clinical samples.
Though the samples were from clinical specimens,
the NoV GI.3 genotype in this study could be due to
an exposure of contaminated environmental water.

One of the limitations is the small number of diarrheal
cases collected. This is mostly due to the reluctance of adults
to provide stool specimens for analysis. Only stool samples
from patients with AGE were evaluated in this study.
Therefore, we do not know the occurrence of NoV in healthy
or asymptomatic individuals.

5. Conclusion

To the best of our knowledge, this is the first study to present
the data on NoV prevalence and diversity in older children
and adult patients living in rural communities of the
Vhembe district. The study shows the circulation of different
human NoV genotypes in patients older than 5 years of age,
suggesting that preventive measures should be taken against
norovirus infection in older patients.

Data Availability

All nucleotide sequences of capsid and polymerase regions
of five GII and one GI NoV strains were submitted to
GenBank with assigned accession numbers as follows:
MK623268; MK671479; MN156316; MN473875; and
MN473876. The questionnaire data as well as the stool
consistency data used to support the findings of this study
are included within the article.
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