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ABSTRACT Human rotavirus infection is the leading cause of diarrhoea in infants and young children worldwide. In South Africa,
diarrhoea is a major cause of childhood morbidity and mortality in children less than five years old, and before the vaccine was
introduced rotavirus had been reported as causing one-third of all diarrhoeal related hospital admissions. This study assessed
factors influencing the prevalence of rotavirus in children aged five years and under in KwaZulu-Natal, South Africa between
June 2014 and June 2015. In addition, genotypes of the rotaviruses were determined. A stool specimen was collected from
children presenting with diarrhoea to a regional hospital. Clinical, vaccination status, seasonal and sociodemographic
information was collected using a structured questionnaire. ELISA (enzyme linked immunosorbent assay) was performed to
detect rotavirus antigen in the stool. Rotavirus from selected positives specimens were genotyped using RT–PCR (reverse
transcriptase polymerase chain reaction). The data were analysed using SPSS. In total, 365 stool specimens were collected.
Rotavirus antigen was detected in 83 (23%) patients. The prevalence of rotavirus was not affected by vaccination status
(p = 0.3; OR 1.5; CI 0.7–3.1), HIV status (p = 0.2; OR 0.6; CI 0.2–1.5), breastfeeding (p = 0.9; OR 1.1; CI 0.5–2.5) and administration
of anti-helminth treatment (p = 0.6; OR 0.8; CI 0.3–1.9). The highest rotavirus prevalence was observed in the winter season
(p < 0.001; OR 43.3; CI 14.9–125.0). The G9P[8] was the most prevalent genotype (21%) followed by G9P[4] (14%). Rotavirus
remains a major contributor to childhood diarrhoeal aetiology and hospitalisation in KwaZulu-Natal. Further investigation is
needed to better understand the key drivers of rotavirus infection despite a successful vaccination programme in South Africa.
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Introduction
Rotavirus belongs to the family of Reoviridae.1 This family
includes 12 genera, of which rotavirus is the most clinically sig-
nificant and is the leading cause of acute infantile diarrhoea
worldwide.1 Approximately 576,000 diarrhoeal deaths are
recorded worldwide among children less than five years old
annually and rotavirus accounts for 215,000 (37.3%) of these
deaths.2 About 50% of these rotavirus infections occur in devel-
oping countries.2 In South Africa, diarrhoeal diseases are ranked
as the third cause of childhood mortality in children less than
five years of age.3 Rotavirus has been documented as causing
one-third of all admissions to hospital for diarrhoea prior to
the introduction of the rotavirus vaccine.4

Two oral rotavirus vaccines have been licensed for global use.
The monovalent Rotarix® (RV1) (GlaxoSmithKline Biologicals, Rix-
ensart, Belguim) and the pentavalent RotaTeq® (RV5) (Merck and
Co., Whitehouse Station, NJ, USA). The monovalent vaccine was
introduced into the South African Expanded Programme for
Immunization in 2009 and it is administered orally at 6 and 14
weeks of age. Both vaccines have been reported to have high
efficacies in high-income countries such as the United States
of America, Finland, Austria and Israel5,6 where the severity of
rotavirus-associated diarrhoea is minimal. In contrast, reduced
levels of vaccine protection have been recorded in low-income
countries like Malawi, South Africa, Ghana, Kenya and Mali5,7,8

where rotavirus-associated diarrhoea is characterised by a
higher burden of severe disease.

A great reduction in rotavirus-associated diarrhoeal hospitalis-
ation was recorded in a study conducted among children less
than five years old in three South African sentinel sites

between 2009 and 2011 post-vaccination.9 However, an
upsurge in rotavirus-associated diarrhoea cases in hospitals
and clinics within the eThekwini metropolitan area in
KwaZulu-Natal in 201310 has raised significant questions regard-
ing the impact of this vaccine, especially since a large proportion
of the infected children had received two doses of the mono-
valent vaccine. Of the 242 stool samples tested as of July 3,
2013 at the National Institute of Communicable Diseases
(NICD), rotavirus was detected in 55% (134/242) of the
samples with strains G2P[4] and G9P[8] detected in 54% (72/
134) and 39% (52/134) of cases respectively.10 Environmental
enteropathy, a sub-clinical condition affecting the small intes-
tine in children living in low-income countries, has been impli-
cated as an important determinant of vaccine-induced
protection.11 Great diversity has been observed in the intestinal
microbial composition of children living in low-income countries
when compared with the microbiota of children in high-income
countries.12 This may be the reason behind the observed differ-
ences in vaccine efficacy between the low- and middle-income
countries and the high-income countries. However, the influ-
ence of the gut microbiome on the rotavirus vaccine efficacy
is yet to be elucidated. Seroconversion of oral cholera vaccine
was enhanced by treating with albendazole for intestinal hel-
minth infestation before vaccine administration13 but it is
unknown whether treatment with anti-helminth will have
same effect on the rotavirus vaccine. Nutritional deficiencies of
zinc, vitamin A and vitamin D have been reported to negatively
affect the immune system.14 Consequently, this may also influ-
ence the rotavirus vaccine protection potential.14 Furthermore,
maternal IgG and IgA, which is transferred through the placenta
and via breast milk respectively, offer protection against
rotavirus diarrhoea. However, these antibodies have been
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documented to compromise the immunogenicity of rotavirus
vaccine in South Africa and Zambia.15–17

This study assessed the influence of vaccination status and clini-
cal, seasonal and sociodemographic factors on rotavirus preva-
lence and determined the genotypes of these rotaviruses in
children aged five years and under in KwaZulu-Natal.

Methods

Ethics considerations
This study was approved by the Biomedical Research Ethics
Committee (BREC) of the University of KwaZulu-Natal (REF:
BE222/13) in accordance with its ethical standards and with
the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards.

Study site and patient population
The study took place between June 2014 and June 2015 in the
Paediatric Resuscitation Unit (PRU) in the outpatient department
of King Edward VIII Hospital (KEH) in Durban, South Africa. KEH is
a teaching hospital attached to the Nelson R Mandela School of
Medicine at the University of KwaZulu-Natal (UKZN). The hospi-
tal has 922 beds and an annual outpatient attendance of about
360,000 patients. The hospital is situated in the eThekwini dis-
trict of KwaZulu-Natal (KZN) province and provides regional
and tertiary services to the whole of KZN, as well as referrals
from the neighbouring Eastern Cape province. The PRU is the
first point of call for all cases and a decision is made by the pae-
diatricians based on case severity whether a child should be
observed for a few hours or admitted. Diarrhoea is diagnosed
at the PRU and samples are collected accordingly. A total of
96% (351/365) of the children enrolled in this study were even-
tually admitted.

Written informed consent was obtained from parents or guar-
dians of children aged five years and under presenting with diar-
rhoea from Monday till Friday from 8:00 till 14:00 between June
2014 and June 2015. Diarrhoea was defined by a paediatrician
diagnosis, or by three or more loose stools within a 24-hour
period. In some cases, these diarrhoeic children had accompany-
ing symptoms of fever and/or vomiting. The body temperature
was measured using an infrared ear thermometer (HuBDIC Co.
Ltd, Korea). Fever was defined as a temperature of ≥ 38.5°C.18

Clinical, vaccination status, seasonal and sociodemographic
data were collected using a structured questionnaire. Some of
these data, such as the patient’s age, gender, HIV status,
receipt of zinc supplements and anti-helminthic agents, vacci-
nation status and mode of feeding were collected from the
patient’s hospital files and vaccination cards. HIV testing was
done in the laboratory of KEH using blood specimens collected
by means of the dry blood spot (DBS) collection kit. The DBS was
used for HIV polymerase chain reaction (PCR) using the COBAS®
AmpliPrep/COBAS® TaqMan® HIV-1 Test, v2.0 (Roche, South
Africa). Children who tested HIV-negative but had HIV-positive
mothers were defined as HIV exposed uninfected. A child who
tested HIV-negative and whose parents were HIV-negative was
defined as HIV unexposed. Children who tested HIV-positive irre-
spective of the HIV status of their parents were defined as HIV
infected. Children whose HIV status could not be ascertained
were labelled as status unknown. Seasonality was defined
according to the website of the South African Weather Ser-
vices.19 Breastfeeding information were collected only from chil-
dren less than six months old.

Specimen collection
Stool specimens were collected from soiled diapers of the chil-
dren using a wooden spatula from Monday till Friday of the
study period between 8:00 and 14:00 hours on day of admission.
The stool was placed into sterile, leakproof containers. The speci-
mens were transported to the Department of Medical Micro-
biology in UKZN in a cooler box with ice packs, which
maintained a temperature below 8°C. In the laboratory, the
stool specimens were stored at −80°C prior to analysis.

Rotavirus detection and genotyping
Suspensions containing approximately 10% stool in PBS (PH 7.2)
were tested with the ProSpecT™ Rotavirus antigen detection kit
(Oxoid Ltd, Basingstoke, UK). This enzyme-linked immunosor-
bent assay (ELISA) is recommended by the World Health Organ-
ization.20 This assay utilises a polyclonal antibody to detect
group-specific proteins, including the major inner capsid
protein (VP6), present in Group A rotaviruses.

Viral ribonucleic acid (RNA) was extracted using the QIAamp viral
mini-kit (Qiagen, Hilden, Germany). With this RNA as template,
complementary deoxyribonucleic acid (cDNA) was synthesised
using the high-capacity cDNA reverse transcription kit with
RNase inhibitors (Thermo Fisher Scientific, Carlsbad, CA, USA).
The cDNA from 21 ELISA-positive and 14 ELISA-negative speci-
mens were used as template in a reverse transcriptase polymer-
ase chain reaction (RT–PCR) to confirm the ELISA results. Primers
for rotavirus VP7 (G-types) used are Beg 9, End 9, aBT1, aCT2,
mG3, aDT4, aAT8v, mG9, mG10 and mG12b.20–24 The VP4
(P-types) primers used are Con3, Con2, 2T-1, 3T-1, 1T-1v, 4T-1,
5T-1, mP(11) and P4943.20,22,23,25–27 The genotyping was done
using a conventional hemi-nested multiplex RT–PCR. The PCR
products were subjected to electrophoresis in a 1.5% (w/v)
agarose gel in tris-acetate-EDTA (TAE) buffer with a 100 bp
DNA ladder (Sigma Aldrich, St Louis, MO, USA) as a molecular
weight marker.

Statistical analysis
The sample size was calculated using the prevalence formulae
by Hajian-Tilaki.28 We assumed a rotavirus prevalence of 25%
and an ELISA sensitivity of 90%. A sample size of 282 patients
was needed to estimate the prevalence with 95% confidence.
The association between the prevalence of rotavirus and the cat-
egorical variables was assessed using the Pearson chi-square
test. A p-value < 0.05 was considered to be statistically signifi-
cant. Odds ratios and 95% confidence limits were used to
measure the strength of the association. A multivariable logistic
model was used to identify independent risk factors associated
with rotavirus infection. All variables were included in the model
with the exception of breastfeeding due to the missing values.
The data were analysed using SPSS (version 22; IBM Corp,
Armonk, NY, USA).

Results
In total 365 children aged 5 years and under were enrolled in this
study. The majority of these children (n = 316, 87%) were
younger than 2 years. Rotavirus antigen was detected in the
stool of 83 (23%) children. Among the rotavirus- positive
patients, 45 (54%) were male and 38 (46%) female (p = 0.5).
The prevalence of rotavirus infection among the under two
years and above two years age group was significantly different
in the univariate but not in the multivariate analysis. The highest
prevalence (30%) was observed in children between 12 and 23
months old (p = 0.02) (Table 1). However, this observation was
made only in the univariate analysis and not in the multivariate.
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A total of 260 patients (71%) received at least one dose of rota-
virus vaccine and among these, 64/260 (25%) were positive for
rotavirus antigen. The prevalence of rotavirus infection did not
differ between children who were vaccinated and children
who were not vaccinated in either the univariate (p = 0.2) or

multivariate (p = 0.3) analyses. Of the total number of children
enrolled in the study, 166 (46%) were ≤ 6 months of age and
their mode of feeding was ascertained. There was no difference
in the prevalence of rotavirus infection between children who
were breastfed (17/68 [25%]) and those who were not (26/98
[27%]) (p = 0.9). The HIV status of the children had no influence
on the rotavirus prevalence in the univariate (p = 0.8) and multi-
variate (p = 0.2) analyses between the HIV-infected and unex-
posed children. There was a higher rotavirus prevalence
among children who had received zinc supplementation in com-
parison with those who did not in the univariate (p = 0.003) and
multivariate model (p = 0.04). The prevalence of rotavirus infec-
tion among children who had been previously treated for poss-
ible helminth infestation did not differ from those who were not
in both the univariate (p = 0.8) and multivariate (p = 0.6) ana-
lyses. Rotavirus-associated diarrhoea had a higher prevalence
in winter in comparison with the other seasons (p < 0.001) in
the univariate and multivariate analyses.

Of the 35 specimens tested by RT–PCR (21 ELISA-positive and 14
ELISA-negative), 29 (83%) were positive. All ELISA-positive
samples were PCR positive. However, eight ELISA-negative
samples were PCR positive. Among these 29, 5 G types and 4
P-types were observed with G9P[8] as the dominant genotype.
From one of the viruses the G-type could not be established
with the available primers. Similarly, four did not reveal a P-
type (Table 2).

Table 1: Clinical, vaccination status, seasonal and sociodemographic characteristics of study participants in KwaZulu-Natal

Item Univariate analysis Multivariate analysis

RV positive (n = 83) Total OR 95% CI
p-

value OR (adj) 95% CI
p-

value

Gender:

Male 45 (22%) 206 1 1

Female 38 (24%) 159 1.1 (0.7–1.8) 0.5 0.9 (0.5–1.8) 0.8

Age groups (months):

(0–11) 49 (22%) 224 2.0 (0.8–5.0) 0.13 1.9 (0.6–6.0) 0.3

(12–23) 28 (30%) 92 3.1 (1.2–8.2) 0.02 2.3 (0.7–6.9) 0.1

(24–60) 6 (12%) 49 1 1.0

Vaccination status:

Completely/incompletely vaccinated 64 (25%) 260 1.5 (0.8–2.6) 0.2 1.5 (0.7–3.1) 0.3

Not vaccinated 19 (18%) 105 1.0 1.0

HIV infection status:

HIV infected 9 (23%) 39 0.9 (0.4–2.1) 0.8 0.6 (0.2–1.5) 0.2

HIV unexposed 50 (25%) 203 1 1.0

HIV exposed uninfected 13 (24%) 55 0.9 (0.5–1.9) 0.9 0.7 (0.3–1.6) 0.4

Status unknown 11 (16%) 68 0.6 (0.3–1.2) 0.2 1.1 (0.4–2.7) 0.9

Zinc supplementation:

Zinc given 51 (28%) 183 2.4 (1.3–4.2) 0.003 2.1 (1.0–4.1) 0.04

Zinc not given 20 (14%) 142 1 1.0

Status unknown 12 (30%) 40 2.6 (1.1–6.0) 0.02 1.1 (0.4–3.0) 0.8

Anti-helminth treatment:

Anti-helminth given 16 (23%) 69 1.1 (0.6–2.0) 0.8 0.8 (0.3–1.9) 0.6

Anti-helminth not given 61 (22%) 277 1 1

Status unknown 6 (32%) 19 1.6 (0.6–4.5) 0.3 2.2 (0.5–9.1) 0.3

Seasonality:

Winter 79 (46%) 172 40.1 (14.3–113.0) < 0.001 43.3 (14.9–125.0) < 0.001

Spring/summer/autumn 4 (2%) 193 1 1

RV: rotavirus; OR: odds ratio; OR (adj): adjusted odds ratio; CI: confidence interval; p-value: measure of significance (p < 0.05).

Table 2: Genotypes of rotaviruses in KwaZulu-Natal (n = 29)

G/P-types n (%)

G9P[8] 6 (20.7)

G9P[4] 4 (13.8)

G12P[4] 3 (10.3)

G9P[6] 2 (6.9)

G4/8P[6] 1 (3.4)

G4P[6] 1 (3.4)

G12P[6] 1 (3.4)

G8P[10] 1 (3.4)

G9P[10] 1 (3.4)

G9P[NT] 4 (13.8)

G12P[NT] 1 (3.4)

G8[NT] 1 (3.4)

G1P[NT] 1 (3.4)

NTP[4] 2 (6.9)

NT: non-typeable, n: total number of genotypes.
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Discussion
In low-income countries, the level of protection conferred by the
monovalent rotavirus vaccine is lower29 as compared with that
in high-income countries.30,31 This was highlighted in our
study where 25% of children who received at least one dose
of the Rotarix® vaccine had rotavirus-associated diarrhoea. The
reason for this is still obscure. This lower protection is not
unique to the rotavirus vaccine since it has also been reported
for oral polio and cholera vaccines.32 A multitude of factors
have been documented as likely causes for this low vaccine
effectiveness. Some of these factors may be influenced by socio-
economic circumstances, including environmental and host
factors, and have been suggested as possible determinants of
protection conferred by oral vaccines.14 Despite these shortcom-
ings, the rotavirus vaccine does still have significant impact on
prevention of hospitalisation and mortality in these low-
income countries such as those in sub-Saharan Africa.33–37 In
the children with diarrhoea reported in 2013 in KZN, 55% of
cases were caused by rotavirus10 and most of these were of
the G2P[4] (54%; 72/134) and G9P[8] (39%; 52/134).10 This is
despite the introduction of rotavirus vaccination four years
earlier. Although the vaccination status of the children in this
possible outbreak was not reported, they speculated that the
increasing rotavirus cases could be due to an accumulation of
unimmunised susceptible children, partial vaccine protection
and variation in the severity of the rotavirus season.10

In this study, the influence of vaccination status and clinical, sea-
sonal and sociodemographic factors on rotavirus prevalence
was evaluated in a group of patients in KZN. With a 23% preva-
lence, rotavirus is still a major cause of diarrhoea among infants
and young children in South Africa. A similar prevalence was
reported from Malawi.38 In our study population, rotavirus infec-
tion was not associated with gender or HIV status. Similarly, a
study conducted in Tanzania found that HIV infection did not
increase the prevalence of rotavirus infection in patients with
diarrhoea. However, the same study reported a higher preva-
lence among HIV-infected children without diarrhoea than in
HIV-uninfected asymptomatic children.39

Prior to the introduction of rotavirus vaccination, all children in
South Africa became infected with rotavirus before their third
year of life.40 In low-income countries children acquire rotavirus
infection at an earlier age than those in high-income countries.
In this study, a significantly higher prevalence of rotavirus
among children aged 12–23 months was observed in the uni-
variate analysis but this was not significant in the multivariate
model. We also found an increasing rotavirus prevalence from
birth until the end of the second year of life. Above this age,
the prevalence declined. The higher prevalence after the first
year of life may be attributed to waning immunity elicited by
natural infection or vaccination. The last dose of the Rotarix®
vaccine is administered at 14 weeks of age in South Africa and
in a few other countries.41,42 A booster dose has been suggested
for older children in South Asia and some other developing
countries before the rotavirus season commences.43,44 In most
parts of South Africa,45 the prevalence of rotavirus-associated
diarrhoea in KZN peaks in the cold season. This finding is
useful when making recommendations to the Department of
Health regarding the appropriate timing of booster doses in chil-
dren above two years of age.

Nutritional deficiency is one of the factors that has been pro-
posed to affect the protection induced by the rotavirus
vaccine in low-income settings. Noteworthy is zinc deficiency,

which has been reported to affect the immune system.14 We
found that children who received zinc supplementation were
more likely to be infected with rotavirus when compared with
those who did not. This finding is discordant with previous find-
ings,14 where a higher prevalence of rotavirus was detected
among children who did not receive zinc supplementation.
However, in a large proportion of the rotavirus-infected children
(14%) it was unknown whether zinc supplementation had been
received. Nonetheless, the effect of zinc and other micronutri-
ents on rotavirus prevalence and oral vaccine immunogenicity
needs further exploration.

Intestinal colonisation with microorganisms following birth has a
significant impact on intestinal immunity. In low-income
countries, intestinal colonisation is driven by environmental
enteropathy. This condition is characterised by chronic exposure
to faecal pathogens due to poor sanitation, leading to chronic
inflammation of the intestine.46,47 It is believed that Gram-nega-
tive bacterial components such as lipopolysaccharides mediate
this inflammation, resulting in an increase in the release of
pro-inflammatory cytokines and inflammatory cell infiltration
of the gut, subsequently leading to a T-cell-mediated enteropa-
thy.11 This condition has been studied extensively in Gambian
infants.48 Although the immunological effects of environmental
enteropathy and its relationship with poor nutrition and poor
growth is well described, its role in reducing rotavirus and
other oral vaccines effectiveness is not fully understood. Bacteria
and helminth colonisation as early as 4 weeks of life have been
found to significantly alter the numbers of memory B-cells when
the infant reaches 18 months of age.49 The difference in intesti-
nal organisms between populations of low- and high-income
countries may directly influence the difference in rotavirus
vaccine efficacy in these settings as recently reported.45 Conse-
quently, a lower vaccine efficacy may lead to continuous circula-
tion of rotavirus strains in low-income countries. Treatment for
intestinal helminths with albendazole before the administration
of oral cholera vaccine has been shown to enhance the rate of
seroconversion by this vaccine.13 Therefore, rotavirus-associated
diarrhoea cases were stratified based on receipt of anti-hel-
minthic treatment before admission. We did not find a relation-
ship between the two. In addition, we could not ascertain
whether an anti-helminthic drug was given before vaccination
or afterwards. However, we found only a 1% prevalence of
Ascaris lumbricoides in our study population (data not shown).
It will be important to conduct further studies on the effect of
intestinal bacteria and parasites on rotavirus vaccination.

Maternal antibodies acquired transplacentally and via breast-
feeding have been documented to protect infants and young
children from diseases.50 In this study, the mode of feeding of
children who were six months old and younger was recorded.
We found that exclusive breastfeeding or mixed feeding had
no effect on rotavirus prevalence when compared with the rota-
virus prevalence in formula-fed children. However, it has been
reported that the immunogenicity of rotavirus vaccine may be
compromised by maternal antibodies from breast milk, thus pre-
disposing children to rotavirus infection.50

The Rotarix® vaccine schedule in South Africa is 6 weeks of age
for the first dose and 14 weeks of age for the second dose. This
differs from the schedule that was used in the efficacy trial of this
vaccine in Africa, which was 10 and 14 weeks of age for the first
and second dose respectively.5 The degree of protection offered
by the 6 and 14 weeks schedule was only established in the
post-vaccination effectiveness study in South Africa.29

4 Southern African Journal of Infectious Diseases 2018: xx–xx 2018: 1–7



Noteworthy is the fact that the immunogenicity of the Rotarix®
vaccine when co-administered with OPV in completely vacci-
nated children at 6 and 10 weeks of age was lower than that
of children vaccinated at 10 and 14 weeks of age with a 36%
and 61% seroconversion rate respectively.51 When our study
population was grouped based on vaccination status, it was
found that this vaccine had no significant effect on the preva-
lence of rotavirus-associated diarrhoea. KZN has been reported
to have a high (97.8%) immunisation coverage52 and it is there-
fore difficult to imagine that a failure in the immunisation pro-
gramme could explain our findings. In contrast, our study
showed a vaccination coverage of only 71%. Consequently,
proper monitoring and reporting of vaccination coverage in
South Africa need to be prioritised. In addition, the different vac-
cination schedules need to be further evaluated to maximise the
potential benefit that this vaccine may offer.

The high cost of the global rotavirus vaccines has led to the pro-
duction of more affordable country-specific vaccines. Examples
of these rotavirus vaccines are the Lanzhou lamb rotavirus
(LLR) vaccine, which has been in use in China since 2000,53

Rotavac vaccine, which was licensed by the Drugs Controller
General of India in early 2014 and was introduced into its
national immunisation programme in 201654,55 and the RV3-
BB human neonatal rotavirus vaccine, which was found to be
highly effective based on a clinical trial conducted in Indone-
sia.56 These vaccines were designed using prevalent strains in
these countries. However, the year to year, season to season
and region to region variations in the circulating genotypes of
rotaviruses in low-income countries are possible factors influen-
cing vaccine protection in these settings. The characteristic
diversity of circulating rotavirus genotypes within confined geo-
graphical locations was highlighted in this study. We found 5 G-
types, 4 P-types and some non-typeable strains within the small
group of 29 rotavirus-positive samples that were genotyped. The
most prevalent genotype in our setting was G9P[8] (20.7%)
which is similar to that recorded in 2013,10 where it was reported
as the second most prevalent genotype after G2P[4]. However,
this correlated with previous findings in other Southern
African countries, namely Zimbabwe and Zambia, where G9P
[8] accounted for 20% of the circulating genotypes.57 The geno-
type G1P[8] remains the most prevalent genotype worldwide.58–
60 A previous study reported that rotavirus strain diversity has no
effect on the effectiveness of the RV1 and RV5 in high- and
middle-income countries,61 thus excluding vaccine-induced
selective pressure as a possible reason for the rotavirus strain
diversity in low-income countries compared with the high-
income countries.

A major limitation of this study is that it was conducted in one
region of South Africa and may not be generalisable to the
whole of South Africa. Our study may have been inadequately
powered for some of the analyses. In addition, our inability to
genotype all the positive rotaviruses detected has limited the
provision of a true description of the circulating genotypes in
KZN.

Conclusion
Rotavirus-associated diarrhoea is still a major contributor to
childhood hospitalisation in KwaZulu-Natal, South Africa. Sea-
sonality remain a key driver of rotavirus prevalence even in
this post-vaccination era. A monovalent/polyvalent oral
vaccine combined with a parenterally administered vaccine in
a prime-boost schedule could be considered to improve rota-
virus vaccine efficacy. Continuous surveillance of circulating

strains is crucial to monitor the long-term impact of the rotavirus
vaccines and identify any strains that escape protection, should
they occur. The effect of a booster dose preceding each cold
season in children up to the age of two years could also be inves-
tigated. Interventions targeted at providing oral rehydration sol-
ution (ORS), improving nutrition and improving socioeconomic
conditions in low- and middle-income countries may be a start-
ing point towards the prevention of rotavirus infection in
countries where RV vaccination is yet to be introduced in the
expanded programme on immunisation (EPI), and improved
RV vaccine effectiveness in countries where this vaccine is
already part of the EPI.

Meetings where part of the information has been
presented

. Translational Vaccinology for Global Health (S1) – Key-
stone Symposia, Park Plaza Riverbank London, UK. Poster
presentation (October 25–29, 2016).

. 6th Federation of Infectious Disease Society of Southern
Africa (FIDSSA) congress, Drakensberg, KwaZulu-Natal.
Poster presentation (November 5–8, 2015).

. 12th International Double-Stranded RNA (dsRNA) Virus
Symposium in Goa, India. Poster presentation (October
6–10, 2015).
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